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Preface 


Though  the  typical  AFIT  thesis  is  completed  over  the 
period  of  time  spanning  three  quarters,  this  one  was  completed 
in  two  quarters  due  to  the  loss  of  the  originally  selected 
thesis.  The  driving  force  throughout  this  project  was  to 
produce  a workable  and  usable  product  and  though  one  last 
problem  exists  I feel  that  is  not  serious  and  will  be 
corrected  shortly.  I tried  to  present  in  this  paper  what 
I thought  a microcomputer  design  project  should  be.  Though 
it  is  not  apparent  in  the  body  of  this  report,  shipping 
delays  and  defective  components  caused  considerable  concern 
about  completing  this  undertaking  on  time. 

My  deepest  thanks  go  to  my  advisor  Capt  Pete  Miller  who 
gave  me  encourgement  and  helpful  suggestions  when  it  most 
appeared  that  I had  chosen  an  impossible  goal.  I also  would 
like  to  acknowledge  the  trust  which  the  AFIT  Engineering 
Student  Council  has  placed  in  ihe  by  supporting  this  project. 
The  enthusiasm  and  willingness  to  help  shown  by  my  fellow 
students  at  AFIT  was  inspirational  and  I am  indebted  to  them. 
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AFIT/GE/EE/78-11 


Abstract 


microprocessor  system  was  designed,  based  on  the  Imsai 

8048CC  Single  Board  Computer  (SBC),  to  identify  authorized 

volume  users  of  the  Xerox  copying  machine  operated  by  the 

AFIT  Engineering  Student  Council.  A power  relay  mounted 

on  the  SBC  was  used  to  enable  the  Xerox  to  make  copies  and 

a buffer  circuit,  based  on  the  SN74121  one  shot,  was  employed 

to  count  the  copies  made  so  that  they  could  be  charged  to 

the  identified  user's  account.  An  interactive  FORTRAN  program 

a 

was  implemented,'  on  the  CYBER  system  available  at  AFIT/  to 
keep  a file  of  authorized  users,  their  unique  user  numbers, 
and  the  identification  necessary  to  bill  theja.  The  program 

-/i-c  </-e ) j /- 

in  the  microprocessor  was  designed  to  allow  the  J^treasurer  ^ 


of  the  Student  Council  ^^to  set  the  copy  cos^(  initially  5<:b  , 
■"^he  code  used  to  identify  valid  user  numbers,  and  any  account 
total  (increment,  decrement,  and  set).  Routines  are  also 
provided  to  clear  all  accounts  (to  zero)  and  print  all  non- 
zero account  totals  on  the  TI  model  735  terminal.  The 


program  is  interrupt  driven  and  the  account  totals,  copy  cost, 
and  code  maintained  in  memory  are  protected  from  loss  by  a 
battery  backup  circuity  which  was  added  to  the  SBC. 
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I INTRODUCTION 


Background 

The  Air  Force  Institute  of  Technology  Engineering  School 
Student  Council  presently  operates  a Xerox  copying  machiaeiin  the 
the  school  library.  The  cost  to  the  council  for  making  a single 
copy  on  the  machine  is  less  than  five  cents  and  by  charging 
five  cents  per  copy  the  council  makes  a profit  which  is  used 
for  the  benefit  of  the  students.  There  are  presently  three 
methods  used  to  collect  this  charge. 

A coin  box  is  located  on  the  machine  which  allows  the 
production  of  one  copy  when  a nickel  is  inserted.  For  the 
multiple  copies  needed  by  students  working  on  their  thesis, 
this  method  is  unacceptable.  An  alternate  "honor  system"  was 
devised  which  allows  the  user  to  make  the  desired  number  of 
copies,  manually  count  them,  and  place  the  money  in  a cash  box 
located  near  the  machine.  This  system,  though  more  convenient, 
has  a number  of  disadvantages.  Because  copies  can  easily 
stick  together,  it  is  possible  to  undercount.  This,  coupled 
with  users  who  simply  forget  to  pay,  has  led  to  a continual 
six  to  ten  percent  loss  of  copy  count.  Another  disadvantage 
of  this  system  is  that  the  council  treasurer  must  sort  and 
count  a variety  of  coins  and  bills.  The  final  method  assigns 
account  numbers  to  those  students  who  want  them.  These 
students  then  simply  sign  for  the  copies  they  make.  This 
method  is  very  convenient  for  the  users  but  requires  a large 
bookkeeping  effort  by  the  treasurer  and  is  still  susceptible 
to  the  miscounting  and  f orgetf ullness  errors  described  in  the 
"honor  system"  method. 
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The  scope  of  this  undertaking  will  be  the  complete 
selection,  design,  and  implementation  of  a system  capable  of 


performing  the  functions  of  accounting,  controlling  the 
operation  of  the  Xerox  copying  mahcine,  and  maintaining 
identification  records  of  the  authorized  account  users. 

The  objectives  to  be  accomplished  to  implement  an 
operational  system,  therfore,  are: 

1.  Select  and  design  the  hardware  necessary  to  maintain 
user  accounts  and  control  use  of  the  copying  machine. 

2.  Implement  a procedure  which  permits  the  unique  and 
secure  identification  of  valid  users  and  their 
account  numbers. 

3.  Implement  the  software  necessary  to  perform  the 
functions  of  incrementing,  decrementing,  setting, 
and  clearing  the  accounts  in  the  Xerox  Controller. 
Also,  implement  the  software  required  to  change 
the  copy  cost,  change  the  code  used  to  identify 
valid  users,  and  print  the  totals  in  all  nonzero 


accounts . 

4.  Implement  a program  to  maintain  a record  of  all 
valid  users  and  the  information  necessary  to 
identify  and  bill  them  for  usage. 

5.  Test  and  validate  the  system  to  assure  reliable 

I 

' operation  of  all  required  functions. 
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Sytem  Overview  1 

■ ' 1 

i 

The  system  is  designed  as  two  seperate  but  interrelated  I 

components;  the  Xerox  Controller  and  the  Accounts  Program.  ; 

The  Xerox  Controller  is  an  interrupt  driven  system  based 
on  the  Intel  8035  microprocessor.  Keyboard  inputs  are 
recogn'zed  as  either  treasurer  commands  or  user  numbers  and 
the  requested  function  is  performed  or  the  user's  account  is 
fetched  from  the  memory  depending  on  the  position  of  the  ; 

User/Control  switch.  When  a valid  user  number  has  been  entered 
the  Xerox  Controller  will  enable  the  copying  machine  and  upon 
detecting  a copy  pulse  from  the  machine  will  increment  the 
user's  account  by  the  copy  cost. 

The  Accounts  Program  is  an  interactive  program  which 
operates  on  the  CYBER  system  under  the  INTERCOM  timesharing 
* option.  The  program  creates  and  operates  an  a database 

containing  up  to  500  accounts.  The  database  contains  the 
account  number,  up  to  30  characters  of  user  identification, 
class  designation,  and  the  user  number  necessary  to  use  the 
copying  machine.  The  operations  which  can  be  performed  on  the 
database  are  selecting  the  key  for  the  production  of  valid 
user  numbers,  adding,  deleting,  and  changing  user  identification 
and  class  designations,  and  printing  all  or  any  one  class 
accounts. 


f Outline 

^ ■ ■ i 

^ Chapter  II  is  devoted  to  analysing  the  requirements  of 

i the  entire  system  and  of  the  Xerox  Controller  and  Accounts  > 

: I i 

j ) Program  separately.  The  selection  and  design  of  the  hardware,  \ 

' ■ 1 

j including  the  microprocessor,  is  presented  in  Chapter  III. 

li  3 

I 

hi . J 


Chapters  IV  and  V describe  the  design  of  the  Xerox  Controller 
and  Accounts  Program  software  respectively.  Testing  is 
described  in  Chapter  VI  and  the  results  and  conclusions  are 
presented  in  Chapter  VII.  The  appendices  contain  the  software 
source  listings.  The  EPROM  programming  procedure,  and  the 
operating  instructions  for  the  Xerox  Controller  and  the  Accounts 
Program . 
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II  REQUIREMENTS  ANALYSIS 

Introduction 

This  section  will  be  devoted  to  analysing  the  system 
requirements  as  determined  in  a number  of  informal  conferences 
with  the  treasurer  of  the  AFIT  Engineering  Student  Council. 

The  requirements  will  first  be  given  verbally  for  the  overall 
system  and  will  then  be  presented  using  diagrams  similar  to 
the  Structured  Analysis  Design  Technique  (SADT)  (Ref  9) 
terminology  developed  by  Softech.  In  this  terminology, 
activities  are  modeled  as  boxes  with  descriptive  function 
names.  Arrows  entering  from  the  left  are  inputs  to  the 
function,  those  entering  from  the  top  are  considered  control 
on  the  accomplishment  of  the  function,  and  those  entering 
from  the  bottom  are  mechanisms  for  the  accomplishment  of  the 
function.  The  outputs  are  modeled  by  arrows  exiting  from 
the  right  side  of  the  box.  A more  detailed  explanation  of 
this  modeling  procedure  can  be  obtained  by  consulting  the 
reference  cited  above.  The  two  parallel  systems  into  which 
the  overall  system  decomposes  are  further  defined  in 
separate  sections. 

System  Requirements 

The  primary  system  requirement  is  to  maintain  the  account- 
ing for  the  Xerox  copying  machine.  The  user  must  be  able  to 
input  enough  information  to  uniquely  identify  himself  so  that 
copies  can  be  charged  to  his  account  upon  receipt  of  a copy 

pulse  from  the  Xerox  machine.  He  will  also  remit  payment  on 
receiving  a bill  from  the  treasurer.  The  outputs  required 
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from  the  system  are  account  bills,  user  numbers  issued  to 
users,  and  a machine  enabling  signal  to  permit  valid  users 
to  make  copies.  Figure  II-l  shows  the  relationship  of  these 
requirements  graphically. 


ID 
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Figure  II-l.  System  Requirements 
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Figure  II-2  indicates  the  first  decomposition  of  the 
system  requirements  into  its  components.  Activity  boxes  2 
and  3 are  manual  treasurer  operations  which  handle  the  direct 
interface  of  the  users  with  the  system.  The  actions  required 
by  these  boxes  will  be  described  in  the  operating  manuals  ' • 

for  the  system  and  if  all  the  other  requirements  indicated  on 
the  diagram  are  satisfied  the  treasurer  will  have  all  the 
information  necessary  to  accomplish  the  tasks.  Activity  boxes 
1 and  4 are  very  diverse  in  nature  and  have  no  direct  connection 
which  would  be  indicated  by  an  arrow  connecting  the  boxes  in 
question.  Though  the  purpose  of  this  analysis  is  to  formalize 
and  specify  requirements,  the  design  decision  is  made  here  to 
divide  the  system  into  two  parallel  subsystems.  Separate 
requirements  analyses  of  the  Xerox  Controller  and  the  Accounts 
Program  will  be  accomplished  in  the  following  sections. 


k 

i 1 


CONTROLLER 


Figure  11-2.  Decomposed  System  Requirements 
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Xerox  Controller  Requirements 

The  Xerox  Controller  requirements  derived  from  the 
analysis  of  Figure  II-2  are  depicted  again  separately  in 
Figure  II-3  for  reference.  The  Xerox  Controller  requirements 


: are  decomposed  as  shown  in  Figure  II-4  to  further  refine  and 

j 

specify  the  exact  requirements.  Boxes  1 and  2 depict  the 

requirement  for  the  controller  to  recognize  commands  to.  set  the  cost  j 

I 

charged  for  a copy  and  the  decoding  key  to  be  used  in  validating 

i 

user  numbers.  Box  3,  Validate  User  Number,  takes  a user  number  j 

entered  by  the  prospective  user  and  under  control  of  the  code  | 

must  determine  if  the  user  number  is  valid.  If  the  number  is 
valid  the  controller  must  pro 
the  Xerox  copying  machine  and 
the  copies  will  be  charged, 
to  charge  the  copy  cost  to  th 
a copy  pulse  is  detected  from 
represents  the  requirement  to 
account  totals.  The  requirem 
accounts  and  their  respective 
j The  Update  Accounts  box 

ft 

< in  Figure  II-5  to  specify  the 

! 


A 


duce  an  enabling  signal  to  send  to 
an  account  number  against  which 
Box  4 indicates  the  requirement 
e account  number  from  box  3 when 
the  copying  machine.  Box  5 
allow  the  treasurer  to  change  the 
ent  to  produce  a listing  of  the 
totals  is  shown  in  box  6. 
is  decomposed  one  level  further 
exact  nature  of  the  updates  which 
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Figure  II-3.  Xerox  Controller  Requirements 
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Figure  II-4.  Decomposed  Xerox  Controller  Requirements 
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II.I  ippw. 

the  controller  must  recognize.  Boxes  1,  2,  and  3 are  self 
explanatory  activities  which  operate  on  one  account  on 
each  invocation.  Box  4 (Clear  Accounts)  is  required  to 
initially  set  all  accounts  to  zero  so  that  the  system  can  be 
put  into  operation.  This  function  is  also  required  if  the 
treasurer  chooses  to  zero  the  accounts  after  getting  a listing 
of  the  totals. 

The  Display  outputs  which  appear  on  several  of  the  boxes 
are  simply  signals  of  completion  of  that  particular  requirement 
and  their  exact  format  will  be  determined  in  the  design 
phase . 

The  exact  requirements  of  the  Xerox  Controller  are 
specified  by  the  analysis  performed  in  Figures  II-l  through 
II-5.  Though  high  level  design  decisions  were  made  in 
this  analysis,  the  attempt  was  made  to  avoid  making  low  level 
design  decisions  prematurely.  In  addition  to  the  functional 
requirements,  some  quantitative  requirements  were  defined. 

The  largest  account  balance  experienced  up  to  thebeginning 
of  this  project  was  $44.00  for  a month.  It  was  decided 
that  account  balances  up  to  $99.00  would  be  allowed.  A 
projected  student  population  of  just  over  300  plus  the  small 
number  of  organizational  accounts  which  exist  led  to  the 
decision  to  require  the  system  to  handle  up  to  500  accounts. 
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Accounts  Program  Requirements 


The  Accounts  Program  requirements  derived  in  Figure  II-2 
are  shown  separately  in  Figure  II-6  for  reference.  The 


FILE 

COMMANDS 


MAINTAIN 

USER 

FILE 


FILE 

INFORMATION 


Figure  II-6.  Accounts  Program  Requirements 
requirement  to  maintain  user  file  is  decomposed  into  its 
component  requirements  in  Figure  II-7. 

The  requirement  to  produce  code  implies  producing  a key 
to  encrypt  the  account  numbers,  encrypting  the  account  numbers 
to  obtain  user  numbers,  and  producing  a key  which  can  be  input 
to  the  Xerox  Controller  to  facilitate  decoding  the  user  numbers. 
These  requirements  involved  a design  decision  to  use  encrypted 
account  numbers  as  user  numbers.  This  decision  is  based  on 
the  premise  that  if  the  user  number  is  not  in  some  way  decodable 
to  produce  the  account  number,  then  a list  of  valid  user  numbers 
must  be  maintained  in  the  Xerox  Controller.  This  would  double 
the  memory  requirements  in  the  controller  which  is  an  unreason- 
able price  to  pay  for  not  having  to  encode  and  decode  user 


numbers . 


Boxes  2 and  3 of  Figure  II-7  are  simply  requirements  to  be 
able  to  add  new  accounts  and  change  account  information. 
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Figure  II-7.  Decomposed  Aocounts  Program  Raquirements 
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Summary 

The  system  requirem 
in  this  section  using  a 
SADT  method.  By  referri 
and  the  quantitative  req 
Controller  and  Accounts 
of  the  system  requiremen 


ents  have  been  defined  and  analyzed 
graphical  method  similar  to  Softech 
ng  to  Figures  II-l  through  II-7 
uirements  at  the  end  of  the  Xerox 
Program  sections,  an  understanding 
ts  can  >>e  gained. 
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XEROX  CONTROLLER  HARDWARE 

^ Introduct ion 

The  Xerox  Controller  subsystem  can  be  divided  into 
I functional  modules  which  can  then  be  implemented  in  software 

or  hardware.  The  major  portion  of  the  hardware  will  be 
contained  on  a single  board  computer  (SBC).  The  decision 
was  made  early  in  the  project  to  use  an  SBC  to  eliminate  the 
extensive  trouble-shooting  usually  required  when  using  a 
prototype  board.  The  selection  of  the  particular  SBC  will 
be  directed  at  implementing  as  many  of  the  functional  modules 
as  possible  without  extra  circuitry.  This  chapter  will  cover 
the  modularization  of  the  Xerox  Controller  functions,  the  SBC 
' selection,  and  the  design  of  the  external  circuitry.  For 

all  diagrams  in  this  chapter,  a J indicates  a connector  on  the 
SBC  and  the  numbers  in  the  J box  are  the  pin  numbers  of  the 
connector . 

Xerox  Controller  Functional  Modules 

Figure  II-4  graphically  shows  the  requirements  of  the 
Xerox  Controller.  Each  of  the  6 boxes  represents  a functional 
module  of  the  controller.  In  addition  to  these  modules,  the 
arrows  entering  and  leaving  the  diagram  define  some  hardware 
interface  modules.  All  the  update  arrows,  the  User  Number, 
and  Request  Totals  arrows  define  an  input  device  which  may  be 
part  of  the  SBC.  The  last  3 arrows  (hardware  interfaces)  are 
I the  Machine  Enable,  the  Copy  Pulse,  and  the  Account  Totals. 

I 
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In  this  section  an  attempt  is  made  to  implement  as  many 
of  the  functional  modules  as  possible  on  the  SBC  simply  by 
judicious  choice  of  a SBC.  The  first  step  in  this  selection 
process  is  the  determination  of  the  criteria  to  be  used  in 
making  the  selection.  As  in  all  designs,  all  other  factors 
being  equal,  the  lowest  cost  option  will  be  selected.  The 
criteria  and  the  justifications  are  as  follows: 

1.  Single  power  supply-  The  Xerox  Controller  will  be 
self  contained,  cost  and  size  must  be  held  to  a 
minimum . 

2.  Power  switching  capability-  Enabling  the  Xerox 
machine  requires  switching  a 110  volt  power  line. 

3.  Interrupt  capability-  The  SBC  must  recognize  the 
presence  of  an  external  signal  to  start  processing. 

4.  Serial  output  capability-  An  RS  232C  interface  must 
be  available  to  print  out  the  account  totals. 
Display-  Must  be  capable  of  displaying  4 or  more 
digits  in  any  readable  format. 


5. 


6.  Development  capability-  A monitor  program  to  handle 
entry  and  testing  of  Xerox  Controller  program. 

7.  Memory  capacity-  The  controller  must  have  a minimum 
of  Ik  bytes  of  RAM  to  handle  the  500  account  totals 
and  Ik  of  EPROM  to  store  the  program. 

The  general  trend  in  microprocessors  has  been  towards 
more  speed,  more  powerful  instruction  sets,  reduced  package 
count,  and  reduced  cost.  The  demand  for  decreased  package 
count  led  to  the  introduction  of  the  8048  family  of  computers 
on  a chip  by  Intel  (Ref  5).  e 8035  is  the  basic  version  in 
the  family  and  contains  64  by^es  of  RAM,  an  internal  clock, 
latched  ouput  ports,  an  interval  timer/counter,  and  all  the 
external  control  lines  to  interface  with  almost  any  available 
device.  Imsai  used  the  8035  to  produce  a control  computer 
board  which  is  tailored  to  a wide  variety  of  control  applications 
(Ref  3).  The  capabilities  of  the  Imsai  8048CC  relative  to 
the  criteria  listed  previously  is  shown  below: 

1.  Single  power  supply-  The  8048CC  operates  on  a single 
5 volt  power  supply. 

2.  Power  switching  capability-  The  8048CC  has  5 power 
relays  capable  of  switching  4 amps  at  220  volts. 

3.  Interrupt  capability-  The  8048CC  has  a single  vectored 
interrupt.  Though  a multiple  vectored  interrupt 
system  would  be  helpful,  this  could  be  simulated 
with  software. 
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4.  Serial  ouput  capability-  The  8048CC  has  an  RS  232C 
interface  capability  using  the  internal  timer. 

5.  Display-  The  8048CC  has  a 9 digit  display  and  display 
controller  which  can  be  mounted  off  the  board  to 

satisfy  the  display  requirement.  ' 

6.  Development  capability-  The  monitor  program  allows 
simple  keyboard  program  entry  and  section  by  section 
debug  execution  mode  . 

7.  Memory  capability-  The  8048CC  has  2k  of  EPROM  so  that 
the  Ik  monitor  program  and  the  Xerox  Controller  program 
can  both  be  maintained.  The  board  has  Ik  of  RAM  with 
an  additional  Ik  expansion  capability. 

The  8048CC  meets  all  the  criteria  stated  for  selection  of  the 
microprocessor  board.  A number  of  other  SBC's  were  considered  i 

j 

but  were  rejected  for  not  meeting  one  or  more  of  the  criteria. 

Three  of  the  boards  considered  and  reasons  for  rejecting  them 
are  presented  below.  These  three  are  representative  of  the 
other  boards  considered  but  not  presented  here. 

1.  Intel  80/05-  The  80/05  does  not  meet  the  power 
switching  capability,  the  RAM  capacity,  or  the 
display  capability  (Ref  1:118). 

2.  National  Semiconductor  SC/MP-  The  SC/MP  does  not 

have  the  power  switching  capability,  the  RAM  capacity, 
or  the  display  capability  (Ref  1:130). 

3.  Technico  SSS-  The  SSS  is  a 16  bit  machine  based  on  the 
TMS  9900  microprocessor.  This  board  was  rejected 
because  it  requires  3 power  supplies  (+5v,  -5v,  +12v). 
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Though  this  is  a limited  sample  of  the  available  SBC's,  it 
shows  the  typical  shortcomings  of  most  of  the  computers. 
Lengthening  the  list  to  include  those  computers  which  were 
only  remotely  considered  would  not  add  any  clarity  to  the 
selection  process.  The  Imsai  was  designed  as  a control 
computer  and  is  an  excellent  selection  for  the  Xerox  Controller. 


Hardware  Design 

The  following  sections  cover  the  design  of  the  modules 
presented  in  the  Xerox  Controller  Functional  Modules  section. 
Since  this  is  the  hardware  design  chapter  only  those  modules 
which  are  implemented  with  hardware  are  presented.  In  addition 
to  the  hardware  modules  already  mentioned,  a memory  power 
backup  circuit  to  prevent  loss  of  account  information  in  the 
event  of  a power  failure  is  described.  A key  switch  circuit 
to  allow  only  the  treasurer  to  have  access  to  the  command 
mode  of  operation  is  also  presented. 


Memory  Power  Backup  C ir cuit . The  Imsai  8048CC  contains 
8 Intel  2102AL  memory  integrated  circuits.  The  information 
to  be  stored  in  these  devices  is  the  code  key,  the  copy  cost, 
and  the  account  totals.  Information  in  random  access  memory 
(RAM)  semiconductor  devices  is  volatile , which  means  that  if 
there  is  a power  failure  to  the  memory,  the  contents  are 
destroyed.  Since  the  account  totals  could  represent  a sizable 
monetary  sum,  a circuit  is  designed  to  prevent  any  power 
interruption  from  destroying  the  RAM  contents. - 

Each  of  the  RAM  circuits  requires  35mw  of  power  at  2 volts 


to  maintain  the  security  of  the  contents  (Ref  4:2-34  - 37). 

The  total  power  for  all  8 of  the  memory  circuits  is  then  280mw 
or  140ma  at  2 volts.  For  a 24  hour  period  this  equates  to 
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a power  requirement  of  3.36  amphours.  Using  the  very 
conservative  estimate  of  at  most  7 days  for  a power  interruption, 
the  total  power  required  is  24  amphours.  Power  Conversion 
produces  a lithium  power  cell  which  was  designed  specifically 
for  providing  power  backup  for  semiconductor  memories.  This 
power  cell  (model  660-5\  Eternacell)  provides  30  amphours  at 
2.8  volts  and  has  a shelf  life  of  5 years  minimum. 


Figure  III-2  shows  the  circuit  which  will  be  used  to 
provide  the  power  backup  for  the  RAM.  This  circuit  requires 


Figure  III-2  Power  Backup  Circuit 


breaking  the  power  lead  to  the  RAM  section  of  the  SBC  and 
inserting  the  circuit.  In  normal  operation  5 volts  is  supplied 
by  the  power  supply  through  relay  R5  which  is  powered  closed 
whenever  the  power  supply  is  operating.  Diode  D1  is  forward 
biased  and  conducts  power  to  the  RAM.  Diode  D2  is  reversed 


backup  circuit  from  the  remainder  of  the  board.  Diode  D2  is 
now  forward  biased  and  conducts  power  from  the  battery  to  the 
RAM.  Diode  D1  is  open  but  is  needed  during  a power  interruption 
to  prevent  the  battery  from  supplying  the  power  to  keep  the 
re'  ' closed.  When  power  is  restored  the  relay  provides  a slight 
delay  in  reconnecting  the  power  supply  •*-o  the  RAM  so  that  power 
spikes  from  power  up  will  not  affect  the  memory  contents. 

This  circuit  is  implemented  by  cutting  the  printed  circuit 
which  brings  power  to  the  RAM  section  of  the  board.  A jumper 
is  added  which  brings  power  to  One  of  the  normally  open  contacts 
of  relay  R5  from  the  power  supply.  The  other  normally  open 
contact  of  the  relay  is  connected  to  diode  D1  and  then  to  the 
power  lead  of  the  RAM  section  of  the  board.  To  facilitate 
battery  replacement,  diode  D2  is  soldered  to  the  positive  tab 
on  the  power  cell.  A 16  pin  flat  cable  connector  is  attached 
to  a short  length  (approximately  6 inches)  of  16  conductor  flat 
cable  and  the  conductors  to  pins  9 and  10  are  connected  to 
the  negative  tab  on  the  power  cell  and  diode  D2  respectively. 

The  16  pin  flat  cable  connector  is  then  simply  plugged  into 
any  one  of  the  sockets  on  the  board  intended  for  the  expansion 
of  the  RAM  being  careful  to  match  the  pin  numbers  on  the 
connector  with  those  on  the  socket. 

Machine  Enable  Control . Control  of  the  operation  of 
the  Xerox  machine  will  be  maintained  through  the  Polytech  coin 
box  mounted  on  top  of  the  machine.  This  coin  box  has  a single- 
pole-double-throw key  switch  which  selects  either  coin  operation 
or  continous  operation.  The  new  system  requires  that  the 
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switch  be  left  in  the  coin  operation  position  so  that  either 
a nickel  or  a user  number  will  be  required  to  operate  the  Xerox. 

The  8048CC  board  contains  4 single-pole-double-throw  relays 
which  are  connected  to  the  output  port  5.  Figure  III-3  shows 
a circuit  which  will  allow  output  bit  2 of  port  5 to  take  the 
place  of  the  switch  in  the  coin  box.  Since  the  coin  box  switch 
will  be  left  in  the  coin  operation  position  the  wire  to  the 
upper  position  in  the  switch  indicated  in  the  figure  with  the 
X through  it  will  be  disconnected  from  the  switch  so  that  the 
relay  will  have  full  control  of  the  switch  operation.  To 
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Figure  III-3.  Machine  Enable  Control 


activate  a relay  requires  outputting  a zero  to  the  appropriate 
bit  of  port  5.  By  arranging  the  contacts  in  the  relay  so  that 
continous  operation  is  commanded  by  the  activated  position,  a 
power  failure  to  the  Xerox  Controller  will  put  the  Xerox  machine 
in  coin  operation.  If  the  Xerox  Controller  is  disconnected 
from  the  coin  box  the  wire  which  was  disconnected  will  have  to 
be  reconnected  or  the  machine  will  only  operate  with  the  key 
switch  in  the  continous  operation  position. 
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Circuit  diagrams  were  not 


Copy  Pulse  Buffer  Circuit . Circuit  diagrams  were  not 
available  for  the  Xerox  machine  or  the  coin  box  to  help 
determine  the  proper  location  to  wire  into  to  detect  when 
a copy  has  been  made.  A signal  was  found  which  is  apparently 
used  to  trigger  the  solenoid  on  the  mechanical  counter  in  the 
coin  box.  Figure  III-4  is  a sketch  of  the  waveform  detected 
in  the  coin  box  every  time  a copy  was  made  by  the  Xerox  machine, 


Figure  III-4.  Copy  Pulse  Waveform  Sketch 
The  waveform  is  apparently  produced  by  switching  an  alternating 

current  60  Hz  signal  on  for  the  time  T1  when  a copy  is  made. 

This  signal  is  rectified  and  filtered  to  give  the  signal  portion 

shown  for  time  T1  which  has  a 30  volt  direct  current  portion  to 

trigger  the  solenoid.  The  time  T1  was  found  to  vary  between 

approximately  125  milliseconds  and  230  milliseconds.  The  noise 

spike  depicted  in  the  sketch  is  typical  of  the  waveform 

resulting  from  the  on  and  off  operation  of  unknown  devices 

within  the  Xerox  machine.  The  waveform  necessary  to  cause  an 

interrupt  to  be  recognized  by  the  computer  is  shown  in  Figure 

III-5.  The  time  T2  must  be  long  enough  for  the  computer  to 

detect  the  interrupt  but  not  so  longthat  it  is  present  when  the 

interrupt  routine  has  been  completed  and  the  interrupt  system 

is  reenabled.  The  8048CC  computer  has  an  instruction  cycle 


Figure  III-5.  Interrupt  Signal  to  Computer 
time  of  4.1905  microseconds  (Ref  3:  ) with  some  of  the 

instructions  taking  2 cycles  to  complete.  Since  2 cycle  times 
could  pass  before  an  interrupt  signal  is  detected,  the  signal 
must  persist  for  at  least  2 cycle  times.  The  Count  routine 
which  is  executed  in  response  to  an  interrupt  caused  by  a 
copy  pulse  is  147  instruction  cycles  long,  so  T2  must  in  no 
case  be  longer  than  147  cycle  times.  The  allowable  range  of 
T2  times  is  then  approximately  8.5  microseconds  to  616  micro- 
seconds . 

The  circuit  in  Figure  III-6  is  the  pulse  shaping  circuit 
which  is  to  produce  a signal  capable  of  triggering  an  SN74121 
integrated  circuit  (IC)  (Ref  11:134-137).  The  resistor 
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divider  formed  by  resistors  R1 , R2 , and  R3  has  the  effect  of 
attenuating  the  30  volt  dc  portion  of  the  signal  down  to  3.1 
volts.  The  transistor  Q1  and  Resistor  R3  form  an  emitter- 
follower  circuit  which  provides  the  triggering  signal  to  the 
input  of  the  SN74121.  Capacitors  Cl  and  C2  are  in  the  circuit 
to  attenuate  the  60  Hz  portion  of  the  signal  and  the  noise 
spikes  so  that  the  1.55  volt  threshold  for  the  SN74121  is  not 
crossed  causing  a false  interrupt. 

The  remainder  of  the  Copy  Pulse  Buffer  Circuit  consists 
2 of  the  SN74121  monostable  multivibrators  (one  shots) 
connected  as  shown  in  Figure  III-7.  The  one  shots  produce  a 
high  going  pulse  on  the  Q output  and  a low  going  pulse  on  the 
Q output  when  the  B input  passes  through  1.55  volts  rising. 

The  length  of  the  pulse  produced  is  determined  by  the  values 
of  the  resistors  and  capacitors  shown  in  the  figure.  The 
circuit  U2  is  used  to  produce  the  proper  length  pulse  to  input 
to  the  interrupt  line  of  the  computer.  Initially  U1  is  at 
rest  and  as  such  the  Q output  is  at  a logical  0 level.  This 
makes  both  a inputs  to  U2  logical  0 and  enables  an  input  on 
the  B input  to  trigger  the  one  shot.  The  Q output  from  U2 
is  fed  back  into  the  B input  of  U1  which  is  always  enabled 
since  the  A inputs  are  tied  to  ground.  When  U1  triggers  in 
response  to  the  rising  B input  its  Q output  goes  to  a logical 
1 level  causing  the  A inputs  of  U2  to  go  to  a logical  1 level 
and  disable  the  B input.  The  shortest  elapsed  time  between 
copy  pulses  received  from  the  Xerox  machine  was  measured  to  be 
slightly  in  excess  of  1.2  seconds.  The  length  of  time  which 
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U2  must  be  disabled  by  U1  is  greater  than  T1  from  Figure  III-4 
and  less  than  1.2  seconds.  To  provide  a reasonable  amount  of 
j noise  immunity  the  pulse  duration  selected  is  800  milliseconds. 

I The  pulse  duration  determined  by  the  resistor  and  capacitor 

j 

network  attached  to  the  one  shots  follows  the  equation 

I t(out)=CR  In  2 (1) 

Using  a 33kohms  resistor  and  a 35  microfarad  capacitor  produces 
the  desired  800  millisecond  pulse.  The  required  pulse  duration 
for  U2  has  already  been  specified  to  be  between  10  and  600 
microseconds.  With  a resistor  value  of  8200  ohms  and  a 
capacitor  value  of  .01  microfarads  equation  (1)  yields  a pulse 
duration  of  57  microseconds. 

The  Copy  Pulse  Buffer  Circuit  is  mounted  on  a separate 
small  board  attached  to  the  computer  board  on  offsets.  The 
copy  pulse  signal  line  and  ground  are  brought  in  on  connector 
J6  pins  24  and  26  and  jumpered  to  the  small  board. 

Interrupt  Steering  Circuit . The  8048CC  must  accept 
interrupts  from  either  the  keyboard  or  the  Copy  Pulse  Buffer 
Circuit  but  not  both.  One  of  the  single^-pole-double-throw 
relays  attached  to  port  5 is  used  as  a software  controllable 
switch.  Figure  III-8  shows  the  circuit  necessary  to  implement 
this  steering  function.  The  8048CC  User  Guide  (Ref  3)  section 
on  jumpers  was  followed  regarding  allowing  the  interrupt  from 
the  keyboard  controller  to  drive  the  interrupt  input  except 
that  the  relay  is  placed  where  the  jumper  is  supposed  to  be. 
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Relay  shovm  in  rest  position 
awaiting  keyboard  input. 


Figure  III-8.  Interrupt  Steering  Circuit 

Keyboard  Circuit . The  design  decision  was  made  to  use  an 

available  hexadecimal  keyboard  rather  than  the  keyboard  on  the 
8048CC  board  because  the  keyboard  on  the  computer  board  does 
not  provide  any  mechanical  feedback  indicating  that  an  input 
has  been  accepted.  The  keyboard  controller  (Intel  8279)  and 
associated  circuitry  on  the  computer  board  is  designed  to  read 
a keyboard  which  is  arranged  in  a matrix  with  3 rows  of  8 
switches.  The  external  keyboard  has  only  the  hexadecimal  digits 
0 through  F which  are  in  the  first  2 rows  of  the  matrix.  It 
also  has  only  1 common  terminal  instead  of  2 (1  for  each  row). 
Figure  III-9  shows  a circuit  using  two  SN74LS257  data  selectors 
which  simulates  a scanned  matrix  keyboard.  A ground  on  SO  or 
SI  indicates  that  row  is  being  scanned  while  a ground  on  one 
of  the  R lines  indicates  that  that  column  button  of  the  scanned 
row  has  been  depressed.  From  the  circuit  diagram  it  is  apparent 
that  when  either  SO  or  SI  is  low,  the  common  terminal  on  the 
keyboard  is  pulled  low.  If  one  of  the  A lines  into  the  data 
selectors  is  low  when  SO  is  lowj  a low  will  be  placed  on  the 
appropriate  R line.  The  same  effect  occurs  with  the  B lines 
and  SI. 
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User/Control  Switch  C ir cuit . A key  switch  is  mounted  on 
the  Xerox  Controller  which  the  treasurer  can  use  to  place  the 
computer  in  the  control  mode.  The  control  mode  is  used  to 
change  any  of  the  system  parameters  and  it  must  not  be  possible 
for  anyone  without  the  key  to  get  access  to  this  mode  of 
operation.  The  computer  has  a testable  input  line  to  which 
this  switch  is  connected.  A 1000  ohm  resistor  is  placed  between 
the  line  (Tl)  and  the  5 volt  power  supply  to  maintain  a high 
level  on  the  line  when  the  switch  is  in  the  open  user  mode 
position  as  it  is  in  Figure  III-IO.  It  should  be  noted  that 
if  a break  occurs  in  the  off  board  wiring,  the  line  will  remain 
high  and  consequently  in  the  protected  user  mode. 


IV  DESIGN  OF 


XEROX  CONTROLLER  SOFTWARE 

Introduction 

The  Xerox  Controller  program  was  designed  using  the 
Structured  Design  (SD)  technique  popularized  by  Yourdan  and 
Constantine  (Ref  12)  because  its  use  leads  to  functionally 
well  defined  and  easily  modifiable  program  units.  No  cross- 
assembler  could  be  located,  so  assembly  was  accomplished 
manually  using  the  text  substitution  capability  of  the  CYBER 
system  timesharing  utility. 

The  design  effort  was  divided  into  a nodule  specific- 
ation phase  and  a module  design  phase.  This  chapter  is 
consequently  divided  into  two  sections  with  the  module  design 
phase  further  divided  into  sections  for  each  module. 

Module  Specif i cation 

The  overall  requirements  for  the  Xerox  Controller  are 
presented  in  Figure  II-4.  Using  that  as  a guide,  the  bubble 
chart  representation  in  Figure  IV-1  was  created  to  subdivide 
the  system  into  easily  understandable  modules.  The  brace 
which  goes  through  the  Keyboard  Inputs  arrow  indicates  an 
afferent  branch.  This  branch  in  the  structure  chart  has 
keyboard  inputs  as  its  data  item  passing  up  from  a module 
which  specifies  a keyboard  read.  Conversely,  the  braces  which 
go  through  the  User  Number  and  Treasurer  Commands  arrows 
specify  efferent  branches.  These  two  branches  from  the 
Executive  module  have  as  data  items  the  User  Number.and  Treasurer 
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Figure  IV-1.  Bubble  Chart  of  Xerox  Controller 


Commands.  Since  the  bubble  "Decode  Input"  is  between  the 
braces,  it  should  be  a central  transform  module;  however,  it 
involves  only  testing  the  User/Control  switch  position  and  it 
is  absorbed  into  the  Executive. 

The  Decode  Type  babble  is  a transaction  center.  The  OR 
symbols  between  the  arrows  exiting  the  bubble  indicate  that, 
after  the  command  type  is  decoded,  the  appropriate  arrow  is 
followed.  If  the  command  is  an  Increment,  Decrement,  or  Set 
Account  Command*  the  output  arrow  is  an  Account  and  is  input 
to  the  Store  Account  bubble,  which  is  a shared  module.  The 
Account  Total,  Copy  Cost,  Code,  or  Complete  Signal  is  input 
to  the  shared  module.  Display,  to  be  displayed  on  the  7 segment 
disp lay . 

Decode  User  Number  is  the  first  bubble  in  the  other 
efferent  branch.  The  input  is  the  User  Number  and  the  two 
outputs  are  the  Account  Number  and  the  Valid  Flag.  The  symbol 
between  the  two  outputs  is  the  AND  symbol  and  indicates  that 
both  outputs  are  produced  by  the  module.  The  Count  Copies 
bubble  must  take  the  Account  Number  AND  the  Copy  Pulse  and 
increment  the  account  by  the  copy  cost  and  send  the  new  Account 
Total  to  the  shared  Display  module.  The  Enable  Machine  module 
takes  either  the  Valid  Flag  or  the  Reset  signal  and  enables 
or  disables  the  Xerox  machine  respectively. 

The  Structure  Chart  of  Figure  IV-2  is  derived  from  the 
bubble  chart  and  every  module  is  taker  directly  from  the  chart 
except  the  function  Fetch  Account  which  is  factored  out  of  the 
Increment,  Decrement,  and  Set  Account  and  Print  Totals  modules. 
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Figure  IV-2.  Xerox  Controller  Structure  Chart 


35 


k 


i 

I 


i 

1 

I' 

[ 


The  modules  of  the  Xerox  Controller  program  are  completely 
specified  by  the  bubble  and  structure  charts  of  Figures  IV-1 
and  2.  The  following  section  is  devoted  to  the  design  of  each 
module . 


Module  Design 

The  combined  source  and  object  listing  of  the  Xerox 
Controller  program  is  contained  in  Appendix  A.  A complete 
description  of  the  assembly  language  and  the  machine  language 
of  the  8048  family  of  microprocessors  is  contained  in  the 
Intel  MCS-48  Microcomputer  User's  Manual  (Ref  5).  Most  of 
the  modules  are  simple  in  design  and  they  will  be  simply 

explained  without  resorting  to  flow  charts  or  other  design  j 

aids.  When  a section  of  code  is  referred  to  by  a label  it 
applies  to  the  code  from  that  label  to  the  next  label. 

Executive.  The  Executive  module  consists  of  the  code  ! 

■ J 

labeled  RESET,  INT,  RST,  STBY,  and  USR.  RESET  (location  000) 

1 

is  where  execution  starts  after  receipt  of  a reset  pulse. 

From  RESET,  execution  continues  at  RST  where  the  relays  attached 
to  port  5 are  set  so  the  Xerox  machine  is  not  enabled  (bit  2) 
and  the  Interrupt  Steering  circuit  (bit  1)  is  set  to  receive 
keyboard  entry  interrupts.  The  remainder  of  the  RST  section 
sends  commands  to  the  8279  Keyboard/Display  Interface  (Ref  5: 

7-117)  to  prepare  it  for  operation,  initializes  the  timer  flag, 
and  sets  the  RO  register  to  access  the  Keyboard  Interface. 

STBY  is  simply  a loop  which  enables  the  interrupt  system  and 
then  waits  for  an  interrupt. 
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When  an  interrupt  is  received,  the  INT  and  USR  section  ] 

of  the  Executive  are  entered.  The  first  instruction  of  the  I 

! 

j 

INT  section  of  code  determines  whether  the  Xerox  Controller  | 

is  in  the  User  or  Control  mode  and  jumps  to  USR  or  continues  ^ 

in  the  INT  section  as  appropriate.  Both  of  these  sections  of  | 

\ 

code  involve  successive  calls  to  some  entry  point  in  the  Read  | 

module  which  reads  the  next  keyboard  input  and  places  it  in  | 

the  correct  register  for  later  use.  j 


Read.  The  Read  module  is  a state  dependent  module.  j 

:l 

This  means  that  the  module  has  multiple  entry  points  and  where  \ 

it  enters  on  a call  is  determined  by  its  previous  invocation. 

The  Read  module  incorporates  the  code  labeled  FIRST  through 
8th,  USRl  through  USR6,  ECHO,  and  READ.  ECHO  and  READ  simply 
take  a keyboard  entry,  return  it  in  the  accumulator,  and  send 
a hexadecimal  digit  to  the  display.  ECHO  is  used  in  the  Control 
mode  and  the  input  digit  is  echoed  on  the  display.  READ  is  j 

used  in  the  User  mode  and  for  each  input  it  returns  the  digit  j 

in  the  accumulator  and  sends  8.  to  the  display. 

The  accumulator  is  used  as  the  state  pointer  to  control 
the  state  of  the  Read  module.  Initially  the  accumulator  is  set 
to  zero  in  RST  so  when  an  interrupt  is  received,  depending  on 
the  position  of  the  User/Control  switch,  the  entry  point  into 
the  Read  module  is  USRl  or  FIRST.  Before  returning  from  the 
Read  module  the  accumulator  is  set  so  that  the  next  interrupt 
will  cause  entry  into  the  Read  module  at  the  next  state  entry 
point  (USR2  or  SECOND).  At  the  end  of  USR6,  execution  is  sent 
to  the  Decode  User  Number  module  and  after  8th,  the  next 


keyboard  interrupt  causes  entry  into  the  Decode  Type  module. 

If  a User  Number  has  been  entered,  the  6 digits  end  up 
in  registers  R2 , R3,  and  R4.  If  a Command  has  been  entered 
the  first  digit,  which  is  the  type  code,  is  in  register  R7. 

The  next  3 digits,  which  is  the  Account  Number  in  any  of  the 
account  accessing  commands,  ends  up  with  the  first  digit  in  R2 
and  the  second  and  third  digits  in  register  R3.  The  last  4 
digits  of  the  command  are  placed  in  registers  R4  and  R5. 

Decode  User  Number . Because  of  the  sensitive  nature  of 
this  module,  which  decrypts  the  User  Number,  it  will  be 
presented  in  Appendix  Z which  will  have  restricted  access  and 
can  only  be  obtained  from  the  author. 

Decode  Type . The  Decode  Type  module  takes  the  Type  Code 
in  register  R7  and  sends  execution  to  the  appropriate  module 
for  processing.  The  codes  1 through  7 refer  to  the  commands 
Increment  Account,  Decrement  Account,  Set  Account,  Print  Totals, 
Clear  Accounts,  Set  Code,  and  Set  Cost  respectively.  The 
section  of  code  which  accomplishes  this  task  is  contained  in 
the  sections  labeled  TEST  through  T7  and  its  operation  is 
self  explanatory. 

Increment  Account . The  Increment  Account  module 
increments  the  account  specified  in  registers  R2  and  R3  by  the 
amount  contained  in  registers  R4  and  R5.  The  first  step  in 
this  process  is  to  call  the  Fetch  module  which,  returns  the 


decimal  (bed)  add  is  accomplished  and  if  there  is  not  an 
overflow  (carry),  the  result  is  passed  to  the  Store  module 
to  replace  the  current  account  total  with  the  new  one.  The 
code  for  this  module  is  contained  in  the  section  of  code  labeled 


Decrement  Ac  count . . The  Decrement  Account  module  operates 
exactly  as  the  Increment  Account  module  does  except  that  it 
does  a bed  subtract  instead  of  an  add.  The  8048  instruction 
set  does  not  include  a subtract  instruction  so  one  had  to  be 


fabricated.  A bed  subtract  was  produced  by  taking  the  nines 
complement  of  the  account  total,  adding  the  amount  to  be 
decremented,  decimal  adjusting  the  result  and  again  taking 
the  nines  complement.  Taking  a nines  complement  of  a hexadecimal 
digit  is  accomplished  by  adding  6 to  each  digit  and  complementing. 
For  example,  the  nines  complement  of  6 is  obtained  by  adding 
6 for  a hexadecimal  total  of  C and  taking  the  complement  for 
a result  of  3 . If  an  underflow  is  indicated  by  a carry  in 
the  add  operation  the  decrement  is  aborted  and  the  result  is 
not  stored  or  displayed.  The  code  for  this  module  is  contained 
in  the  section  labeled  DEC. 


Set  Account . The  Set  Account  module  is  simply  a call  to 
the  Fetch  module  to  obtain  the  account  address  and  a jump  to 
the  Store  module  to  place  the  desired  total  in  the  account  and 
display  it.  The  code  for  this  module  is  contained  in  the 
section  labeled  SET. 
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Print  Totals.  The  Print  Totals  module  is  rather 


complicated  and  requires  more  than  an  explanation  to  present 
it.  Figure  IV-3  is  a flow  chart  of  the  overall 'control  flow. 
The  routines  Heading  and  Trailer  print  strings  of  ASCII 
characters  before  printing  account  totals  and  after  completing 
the  printing  of  the  totals.  The  Fetch  module  retrieves  an 
account  and  the  PRINAC  module  formats  and  prints  the  account 
number  and  total. 

Figure  IV-4  hsows  the  Heading  and  Trailer  control  flow. 

The  messages  stored  at  Heading  Address  and  Trailer  Address  are 
strings  of  ASCII  characters  which  form  the  heading  and  completi 
messages  respectively.  The  Printer  module  is  a module  which 
prints  out  the  particular  message  whose  address  is  in  the 
accumulator . 

Figure  IV-5  shows  the  PRINAC  module  (print  account) 
control  flow.  The  boxes  which  Call  ASCII  for  the  multiple 
digits  are  actually  a call  for  each  digit  but  for  simplicity 
are  shown  as  single  boxes.  The  Printer  call  is  as  previously 
described  and  the  SEROUT  module  is  used  to  output  the  ASCII 
code  for  the  decimal  point. 

Figure  IV-6  shows  the  control  flow  for  the  Printer  module. 
It  simply  outputs  successive  ASCII  characters  of  the  respective 
message  using  the  SEROUT  module  until  it  detects  the  BEL  code 
(07)  which  is  used  to  mark  the  end  of  message. 

Figure  IV-7  is  the  ASCII  module  which  converts  hexadecimal 
digits  to  ASCII  code  for  printing.  This  was  accomplished  by 
adding  30  to  the  digit  and  decimal  adjusting  the  result.  The 
decimal  digits  then  became  30  through  39  and  the  hexadecimal 
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digits  A through  F become  40  through  45.  Any  result  which  j 

has  a 4 as  the  first  digit  is  then  incremented  by  1 to  correct  ! 

i 

it  to  the  proper  41  through  46  for  A through  F. 

The  SEROUT  module  is  shown  in  Figure  IV-8.  The  bit  i 

pointer  is  set  to  11  (OB  hexadecimal)  so  that  the  output  of 

I 

a character  will  consist  of  a start  bit,  the  8 bit  ASCII  code,  I 

I 

and  2 stop  bits.  The  RS  232C  serial  output  is  from  port  7 I 

bit  2 so  that  bit  will  be  manipulated  to  produce  the  desired 

output.  It  should  be  noted  that  for  the  serial  output  a 0 

level  is  output  for  a 1 in  a bit  position  and  the  start  bit 

is  a 0 and  the  stop  bits  (2)  are  I's.  The  DELAY  the  TIME 

module  is  called  with  will  be  determined  in  the  discussion 

of  the  TIME  module. 

The  actual  operation  of  the  TIME  module  is  self 
explanatory^  but  the  determination  of  the  delay  requires 
some  explanation.  The  primary  output  device  will  be  the 
TI  silent  700  terminal  (model  735)  and  it  will  operate  at  300 
baud.  The  basic  instruction  cycle  time  of  the  8048CC  is 
4.1905  microseconds  and  the  timer  rate  is  1 count  every  134.095 
microseconds.  The  number  of  instruction  cyle  times  between 
when  the  timer  flag  is  set  and  when  the  timer  is  next  started 
must  be  counted  using  the  table  giving  the  number  of  cycles 
per  instruction  (Ref  5:6-5).  There  are  19  cycles  giving  a 
time  of  79.6  microseconds.  The  time  between  bit  changes  at 
300  baud  is  3333.3  microseconds  leaving  3253.7  microseconds 
to  be  accounted  for  by  the  TIME  module.  Using  24  timer  counts 
(18  hexadecimal)  gives  a delay  of  3218.3  microseconds. 
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Subtracting  this  from  the  desired  3253.7  leaves  35.4  micro- 
seconds to  be  accounted  for.  Inserting  8 NOP  (no  operation) 
instructions  in  the  TIME  module  before  starting  the  timer 
produces  a delay  of  33.5  microseconds,  leaving  a deviation 
of  only  1.9  from  the  desired  3333.3  microseconds.  This  deviation 
over  the  11  bits  transmitted  per  character  is  of  no  consequence. 
The  timer  on  the  8035  counts  up  so  the  complement  of  18,  E7 
will  be  used  when  the  TIME  module  is  called. 

The  code  for  the  Print  module  is  located  in  the  sections 
labeled  PRINT  through  TIME.  The  messages  referenced  in  the 
module  are  located  after  the  TIME  module  in  the  exact  locations 
addressed  by  the  instructions  referencing  those  messages. 

Clear  Accounts . The  Clear  Accounts  module  sets  all  the 
account  totals  to  zero  so  a careful  confirmation  of  the  command 
is  required.  In  addition  to  the  first  digit  (type  code)  being 
a 5,  the  last  6 digits  must  be  505050.  The  first  section  of 
code  simply  confirms  that  this  combination  has  been  input. 

The  remainder  of  the  code  simply  starts  at  location  C05  and 
sets  every  byte  in  the  RAM  to  00.  On  completion  of  the 
operation,  registers  R4  and  R5  are  cleared  and  the  Display 
module  is  called  to  place  0000  on  the  display  to  signal 
completion.  The  code  for  this  module  is  contained  in  the 
sections  labeled  CLEAR  through  HLT3. 
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Code . The  Code  module  consists  of  taking  the  contents 
of  registers  R4  and  R5  and  storing  it  in  locations  COO  and  COl 
and  then  calling  the  Display  module  to  display  it.  The  code 
for  this  module  is  contained  in  the  sections  labeled  CODE 
through  HLTl. 

I 

Cost . The  Cost  module  is  the  same  as  the  Code  module 
except  the  contents  of  register  R5  are  stored  in  location 
C02  and  then  displayed.  The  code  for  this  module  is  in  the 
sections  labeled  COST  through  HLT2. 

Enable . The  Enable  module  is  entered  through  the  Decode 
User  Number  module  after  the  User  Number  has  been  determined 
to  be  valid.  The  address  received  from  the  Decode  User  Number 
module  is  normalized  to  the  starting  location  of  the  RAM  by 
adding  OC  to  the  page  number  in  register  R7 . The  address  is 
then  checked  to  see  that  it  is  above  the  COS  starting  location. 
The  account  is  then  fetched  and  if  the  total  is  found  to  be 
$99  the  Enable  module  is  aborted.  The  cost  per  copy  is 
fetched  from  RAM  and  placed  in  register  R6 , the  Xerox  machine 
is  enabled  (0  in  bit  2 of  port  5),  and  the  interrupt  steering 
logic  is  set  to  recognize  copy  pulses  (0  in  bit  1 of  port  5). 
The  accumulator  is  set  to  send  execution  to  the  Count  module 
on  receiving  an  interrupt  and  control  is  returned  to  the 
Executive.  The  code  for  this  module  is  contained  in  the 
sections  labeled  ENABLE  through  ERRO. 


Count . The  Count  module  simply  adds  the  copy  cost,  in 


R6  to  the  account  total,  stores  the  total,  and  displays  it. 

If  adding  the  copy  cost  makes  the  account  total  $99  the  Xerox 
machine  is  disabled  by  jumping  to  RESET.  Before  returning  to 
the  Executive  module  the  accumulator  is  set  to  send  execution 
to  the  Count  module  on  receiving  an  interrupt.  The  code  for 
this  module  is  contained  in  the  sections  labeled  COUNT 
through  OKU. 

Fetch  Account . The  Fetch  Account  module  is  entered  with 
the  account  number  to  be  fetched  in  registers  R2  and  R3.  This 
register  pair  is  left  shifted  to  multiply  by  2 , since  accounts 
take  2 locations  each,  and  the  least  significant  byte  is  placed 
in  RO.  The  accounts  start  at  location  COS  so  C03  is  added 
to  the  R2  and  RO  register  pair.  The  first  byte  of  the  account 
total  is  fetched  and  put  in  register  R6 , the  address  is 
incremented  and  the  second  byte  of  the  total  is  fetched  and 
left  in  the  accumulator  for  the  return.  The  code  for  this  module 
is  contained  in  the  sections  labeled  FETCH. 

Store  Account . The  Store  Account  module  is  responsible 
for  storing  the  account  totals  formed  by  the  Increment,  Decrement, 
and  Set  Account  modules.  The  module  is  entered  with  the  address 
of  the  least  significant  byte  of  the  account  in  R2  and  RO  and 
port  2 already  latched  to  the  proper  page  in  the  RAM.  The 
account  total  to  be  stored  is  in  registers  R4  and  R5.  After  the 
least  significant  byte  of  the  total  is  stored,  1 is  subtracted 
from  the  address  by  complementing  the  address,  adding  1,  and 
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complementing  the  result.  The  most  significant  byte  of  the 
account  total  is  stored  and  the  Display  module  is  called  to 
display  the  new  total.  The  code  for  this  module  is  contained 
in  the  sections  labeled  STORE  and  BACK. 

Display . The  Display  module  displays  the  contents  of 
registers  R4  and  R5  as  4'  hexadecimal  digits.  The  first 
portion  of  this  module  clears  the  display  and  sets  the  display 
mode  as  desired  (Ref  5:7-117).  The  module  then  masks  off 
each  digit  in  turn  and  gets  the  appropriate  display  code  from 
the  GETCD  portion  of  the  module.  The  display  codes  for  the 
hexadecimal  digits  are  stored  in  contiguous  locations  and  the 
proper  one  is  fetched  by  adding  the  digit  to  the  address  of 
the  code  for  zero  (DISCD)  and  doing  an  indirect  fetch  from 
memory.  The  display  codes  are  formed  by  refering  to  the 
7 segment  display  in  the  8048CC  User  Manual  and  placing  a 1 
in  the  bits  controlling  the  desired  segments  for  each  digit. 

The  section  of  code  labeled  COMMAND  is  used  to  send 
commands  to  the  8279  Keyboard  Interface.  It  writes  the  command 
to  the  8279  control  location  (FEE)  and  then  continously  reads 
the  status  word  until  it  indicates  the  display  is  available 
(Ref  5:7-124).  This  routine  is  also  used  by  the  Executive 
though  no  connection  is  shown  between  the  Display  module  and 
the  Executive.  The  same  is  true  of  the  OUT  section  of  code 
which  is  used  by  the  ECHO  section  of  code  in  the  Read  module. 

The  Display  module  code  is  contained  in  the  sections  ' 
labeled  COMMAND  through  DI S and  the  sections  labeled  DISCD 
through  OUT. 
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Summary 

The  most  important  aspect  of  the  design  effort  for  the 
Xerox  Controller  software  was  the  module  specification  phase. 
Once  the  bubble  chart  and  structure  chart  of  the  program  were 
complete  the  task  reduced  to  the  design  of  simple  modules. 
Flow  charts  were  needed  in  only  a few  places  where  control 
flow  complexity  required  them.  In  most  of  the  modules  a 
precise  description  of  the  function  was  all  that  was  needed 
to  proceed  directly  to  coding  the  module.  The  next  chapter 
will  present  the  design  of  the  Accounts  Program  which  is  the 
other  major  software  subsystem. 


V ACCOUNTS  PROGRAM 


Introdulction 

The  Accounts  Program  is  a record  keeping  program  which 
is  responsible  for  supplying  the  treasurer  with  a means  for 
keeping  track  of  all  the  authorized  Xerox  account  users  and 
the  identification  information  necessary  to  bill  them.  As 
with  the  Xerox  Controller  program.  Structured  Design  (SD)  is 
used  for  the  design  of  the  program.  The  design  is  divided 
into  a module  specification  phase  and  a module  design  phase. 

The  source  listing  for  the  program  is  in  Appendix  B.  The 
program  is  interactive  so  that  the  user  need  not  have  extensive 
experience  to  use  it.  FORTRAN  was  chosen  for  coding  because 
all  AFIT  Engineering  Students  are  familiar  with  it  and  could 
modify  the  program  if  desired.  The  following  two  sections 
describe  the  Module  Specification  and  Module  Design. 

Module  Specification 

The  bubble  chart  of  Figure  V-1  is  derived  from  the 
requirements  for  the  Accounts  Program  from  Figure  II-7.  The 
determination  of  the  afferent  and  efferent  branches  and  the 
central  transforms  of  the  program  was  somewhat  unclear  and 
arbitrary.  The  Update  File  bubble  takes  a file  from  one  of 
two  locations  and  performs  the  updating  required,  so  the 
branches  which  produced  the  files  to  be  operated  on  are 
considered  afferent  branches  and  the  Update  File  bubble  and 
the  transactions  which  follow  it  are  considered  central  trans- 
forms. The  braces  which  face  left  and  break  the  New  File  and 
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Old  File  arrows  show  the  afferent  branches.  The  single  efferent 
branch  is  indicated  by  the  brace  breaking  the  Output  Tape  arrow. 

The  multiplicity  of  the  arrows  labeled  with  File  is  due  to  the 
nature  of  this  program.  All  the  bubbles  on  the  chart  operate 
on  a common  database.  This  common  database  is  contained  in 
program  common  storage  and  contains  the  code  information  and  | 

500  account  files.  The  account  files  contain  User  Identification  i 

(30  characters).  Class  designation  (10  characters),  and  User  j 

Number  (6  hexadecimal  digits).  | 

Using  the  bubble  chart  and  the  database  description,  the  I 

structure  chart  of  Figure  V-2  is  produced.  Some  of  the  bubble  j 

names  are  not  used  in  going  from  the  bubble  chart  to  the  I 

structure  chart  so  that  more  functionally  descriptive  names  1 

could  be  used  to  name  the  FORTRAN  modules.  The  bubbles  labeled 
Get  File,  Add  User,  Change  ID,  and  Produce  Tape  when  trans- 

i 

ferred  to  the  structure  chart  become  BUFIN,  NEW,  INS,  and 
ENDIT  respectively.  There  is  also  a connection  in  the  structure 
chart  which  does  not  show  up  in  the  bubble  chart.  In  the 
process  of  creating  a file  the  CODER  routine  is  called  to  set 
up  the  initial  encryption  code.  Unlike  the  CODER  call  in  the 
Update  mode,  when  CODER  is  called  from  the  Create  mode  no 
information  is  passed  in  the  call  and  a new  code  is  always 
produced.  The  bubble  Create  File  is  assumed  to  contain  all 
the  utilities  necessary  to  actually  create  the  file.  The 
CODER  routine  is  considered  a utility  function  which  does 


not  need  to  be  reproduced  in  the  Create  mode  and  hence  the 


I 

* cross  branch  connection  in  the  structure  chart. 


Figure  V-2.  Accounts  Program  Structure  Chart 


In  the  Module  Design  sections  which  follow,  some  of  the 
functions  may  be  further  factored  but  the  structure  chart  and 
the  bubble  chart  presented  in  this  section  are  complete  enough 
to  give  a full  understanding  of  the  program. 

Module  Design 

This  program  is  interactive  and  reference  to  the 
instructions  to  be  printed  out  and  the  source  code  will  give 
the  reader  an  easy  understanding  of  the  operation  of  each 
module.  Since  the  program  has  been  factored  to  simple  modules 
for  design,  flow  charts  and  other  design  aids  are  not  necessary. 
For  all  the  module  descriptions  which  follow,  IACC(I,J)  is  the 
account  information  file  where  the  parameter  I refers  to  the 
account  number  and  the  J parameter  refers  to  the  5 fields  in 
each  account.  The  first  3 fields  are  the  User  Identification 
(30  characters),  the  next  is  the  Class  Designation  (10  characters) 
and  the  last  is  the  User  Number. 

ACC . The  ACC  module  is  the  executive  module  of  the 
program.  The  TAPEl,  TAPE2,  and  TAPE3  specified  in  the  Program 
statement  are  the  Input  Tape,  Output  Tape,  and  Print  Tape 
respectively.  The  Print  Tape  is  simply  a local  file  which  can 
be  sent  to  the  high  speed  printer  to  eliminate  long  time 
consumming  printouts  on  the  timesharing  terminal.  This  module 
interactively  asks  the  user  what  he  wishes  to  do  and  then  calls 
the  appropriate  modules. 
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CREATE . The  CREATE  module  is  responsible  for  creating  an 
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initial  file.  The  first  operation  performed  is  to  call  the 
IZERO  routine  which  simply  initializes  all  account  and  code 
information  to  zero.  The  CODER  routine  is  then  called  to  produce 
the  coding  information  on  the  file.  The  module  Interactively 
asks  the  user  for  account  information  for  each  successive 
account  until  the  user  indicates  that  he  wants  to  discontinue 
input  or  until  the  500  account  spaces  are  used.  A return  is  then 
made  to  the  ACC  module.  This  module  as  well  as  the  IZERO  module 
are  self  explanatory. 


UPDATE . The  UPDATE  module  is  a transaction  center  which 
calls  PRINT,  CODER,  NEW,  INS,  or  ENDIT  depending  on  the  user 
input  commands.  This  process  is  recursive  so  that  when  one  of 
these  routines  is  complete  the  module  will  request  another 
command.  The  module  is  exited  when  the  user  responds  with 
END  when  a command  is  requested  and  the  ENDIT  routine  is  entered 
to  produce  the  output  tape.  This  module  simply  selects  from 
among  the  available  functions  and  the  source  code  is  self 
explanatory . 

BUFIN.  The  BUFIN  module  uses  the  FORTRAN  Buffer  In 
statement  to  read  in  a previously  existing  file  to  be  used  in 
the  UPDATE  routine.  This  preexisting  file  must  be  contained  in 
a local  file  named  TAPEl  for  this  module  to  read  it.  The 
alternate  return,  lERR,  is  used  to  indicate  an  error  in  reading 
the  file(for  example,  tape  not  rewound  or  not  available). 
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ENDIT . The  ENDIT  module  is  responsible  for  putting  the 


file  on  TAPE2  using  the  FORTRAN  Buffer  Out  statement.  The 
Print  File  (TAPES)  and  the  Old  File  (TAPED  are  rewound.  As 
in  the  previous  module,  the  alternate  return,  lERR,  is  used 
to  indicate  a tape  error. 

PRINT . The  PRINT  module  prints  to  the  Print  Tape  the 
code  used  for  encryption,  the  decode  key  to  be  put  into  the 
Xerox  Controller,  and  a heading  for  the  account  information 
to  be  printed.  The  user  is  then  asked  if  only  one  Class 
Designation  accounts  are  desired  on  the  printout.  If  a single 
classes  accounts  are  to  be  printed  those  accounts  with  the 
desired  Class  Designation  are  placed  on  the  printout,  otherwise 
all  non  empty  accounts  are  printed.  The  Print  Tape  is  rewound, 
only  when  ENDIT  is  executed  so  multiple  printouts  can  be  placed 
consecutively  on  the  tape. 

NEW . The  NEW  module  is  responsible  for  adding  new  accounts 
to  an  existing  file.  The  module  first  searches  for  the  first 
empty  position  in  the  file  and  then  allows  the  user  to  enter 
the  account  information  and  class  designation.  The  module  is 
repeated  until  the  user  indicates  that  he  no  longer  wishes  to 
enter  any  new  accounts  or  until  the  500  positions  available  sre 
full.  When  no  empty  position  is  found  a message  indicating 
that  fact  is  output  and  the  UPDATE  routine  is  entered  for 
possible  deletion  of  unneeded  accounts. 


INS . The  INS  (inspect)  module  takes  a 3 digit  hexadecimal 
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account  number,  fetches,  and  displays  the  information  in  that 
account  which  can  then  be  deleted,  changed,  or  left  unchanged. 

CODER  and  lENCRY . The  CODER  module  and  the  lENCRY  function 
control  the  forming  of  an  encryption  key  and  a corresponding 
decryption  key,  and  the  encryption  of  -the  account  numbers  to 
produce  User  Numbers.  These  portions  of  the  program  and  the 
algorithm  which  they  implement  are  contained  in  Appendix  Z and 
because  of  their  sensitive  nature  are  releasable  only  by  the 
author . 

Summary 

With  the  initial  design  and  module  specification  done 
carefully  and  completely,  the  module  designs  reduce  to  a simple 
coding  exercise.  The  major  portion  of  the  time  spent  in 
module  design  was  devoted  to  message  formatting  for  the 
interactive  messages  and  the  printout  of  the  accounts. 
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Introduction 

The  testing  philosophy  used  in  verifying  the  operation 
of  the  hardware  and  software  of  the  Xerox  Controller  System 
was  a bottom  up  approach..  The  system  was  designed  top  down 
which  led  to  well  defined  functions  which  could  be  simply 
implemented  and  tested.  As  each  module  was  designed,  a simple 
but  specific  test  procedure  or  test  data  set  was  used  to  verify 
the  operation.  The  testing  is  covered  in  three  sections. 
Hardware  Testing,  Xerox  Controller  Software  Testing,  and 
Accounts  Program  Testing. 

Hardware  Testing 

The  hardware  testing  is  covered  in  this  section  in  the  same 
order  as  the  hardware  design  and  referring  back  to  the  design 
in  Chapter  III  is  helpful  in  understanding  the  testing. 

The  Memory  Power  Backup  circuit  shown  in  Figure  3-1 
was  tested  simply  by  repeatedly  interrupting  the  power  to 
the  Xerox  Controller  and  confirming  the  contents  of  the  RAM 
to  be  sure  no  change  occurred.  In  the  original  design  the 
diode  D1  was  not  included  and  when  a power  interruption 
occurred,  instead  of  relay  R5  opening  and  disconnecting  the 
remainder  of  the  circuit  board  from  the  RAM  section,  the  battery 
held  the  relay  closed  and  tried  to  supply  power  to  the  entire 
board.  After  diode  D1  was  added  the  circuit  operated  as 
predicted  and  the  contents  of  the  RAM  were  maintained  during 
numerous  power  off  transfers  between  the  library  and  the 
lab  '>ratory . 
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The  Machine  Enable  Control,  Figure  III-2,  was  initially  tested  using 
an  ohmmeter  to  check  proper  contact  positioning  under  software  control. 

When  connected  to  the  Xerox  machine,  switching  to  the  enable  position 
caused  unpredictable  jumping  to  various  places  in  the  memory  to  resume 
execution.  This  problem  could  not  be  duplicated  on  the  bench  until  the 
actuating  current  of  a 110  volt  ac  relay  was  fed  through  the  contacts. 

The  actuating  current  was  measured  and  found  to  be  80  milliamps  which  is 
well  below  the  rated  current  capability  of  the  on  board  relays  (4  amps 
at  220  volts).  Using  an  oscilloscope  attached  to  the  5 volt  power  supply, 
oscillations  from  4 to  6 volts  were  detected  upon  relay  actuation.  No 
defective  components  (relay,  transistor,  or  diode)  could  be  found  in  the 
relay  circuit  and  consultation  with  Imsai  will  be  required  to  isolate  the 
problem. 

The  Copy  Pulse  Buffer  circuit  was  tested  in  two  separate  phases. 

The  Interrupt  Pulse  circuit  of  Figure  III-6  was  tested  first  to  assure 
the  proper  pulse  width  and  immunity  from  muxtiple  rrigering  oy  using  a 
pulse  generator  and  oscilloscope.  The  Pulse  Shaping  circuit  in  Figure 
III- 5 was  originally  designed  as  a resistor  divider  and  transistor 
driver  combination.  This  circuit  was  connected  to  the  Interrupt  Pulse 
Circuit  and  to  the  copy  pulse  line  from  the  Xerox  machine.  The  Pulse 
Shaping  circuit  triggered  the  Interrupt  Pulse  circuit  as  desired  when  a 
copy  pulse  was  received,  however  the  circuit  was  also  being  triggered  by 
the  operation  of  the  print  light  and  cooling  fan  in  the  Xerox  machine. 

On  careful  observation  of  the  copy  pulse  received  from  the  Xerox,  the 
noise  spike  shown  in  Figure  III -3  was  detected  and  found  to  correspond  to 
the  false  triggering  of  the  Interrupt  Pulse  circuit.  The  capacitors  were 
added  to  the  circuit  to  filter  the  unwanted  signals  and  subsequently 
a test  was  performed  using  hand  counting  to  verify  controller  counting  for  a 


total  of  500  copies  without  a single  miscount. 

The  Interrupt  Steering  circuit  of  Figure  3-7  was  initially 
tested  by  simply  running  continuity  tests  on  the  lines  from 
the  Keyboard  Interface  INT  line  and  the  Copy  Pulse  Buffer  circuit 
to  the  computer  INT  input  while  bit  1 of  port  5 was  switched 
between  1 and  0 under  software  control.  After  the  Xerox 
Controller  program  was  placed  in  the  EPROM  the  operation  was 
further  confirmed  during  software  testing. 

The  Keyboard  circuit  in  Figure  3-8  was  tested  statically 
by  applying  a zero  to  the  SO  and  SI  lines  in  turn  and  observing 
the  R output  lines  while  depressing  the  keyboard  buttons.  After 
the  circuit  was  connected  to  the  computer  board  the  operation 
was  further  confirmed  by  the  use  of  the  diagnostic  program 
present  in  the  monitor  program  (Imp  48)  designed  to  test  the 
keyboard  and  display. 

The  User/Control  Switch  circuit  was  tested  using  a simple 
software  routine  utilizing  the  JTl  instruction  which  senses 
the  input  value  on  the  T1  line  to  which  the  circuit  is  connected. 


Xerox  Controller  Software  Testing 

The  Xerox  Controller  Software  testing  was  accomplished 
using  the  versatile  Imp  48  monitor  program  (Ref  ) supplied 
with  the  8048CC  computer.  The  RAM  was  expanded  to  2k  bytes, 
by  adding  eight  2102  integrated  circuits,  to  allow  testing 
program  modules  in  the  RAM  without  using  the  memory  space 
intended  for  the  accounts.  A path  testing  technique  was  employed 
to  test  each  module.  The  basic  function  of  each  module  was 


tested  using  input  data  which  forced  every  path  through  the 
module  to  be  exercised.  The  break  function  of  the  monitor 
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program  allowed  the  execution  of  a few  instructions  at  a time 
with  the  capability  to  examine  all  registers  and  memory  locations 
between  executions  of  adjacent  sections  of  code.  The  simplicity 
of  the  modules  which  were  created  by  the  top  down  design  made 
the  actual  testing  extremely  easy.  Most  of  the  errors 
detected  in  testing  were  coding  errors,  usually  involving 
incorrect  register  addressing.  During  the  testing  of  the 
Increment  Account  module,  an  error  in  the  execution  of  the  DAA 
(decimal  adjust  accumulator)  instruction  was  detected.  The 
8035  could  not  recognize  and  adjust  a hexadecimal  A or  B . 

After  a replacement  for  the  8035  was  obtained,  the  problem 

was  remedied.  Anroarti"^  problem  which  was  encountered  during 

the  testing  of  the  Read  module  (which  must  recognize  multiple  i 

interrupts  from  the  keyboard)  was  the  inability  of  the  program 

to  respond  to  an  interrupt  after  returning  from  the  interrupt 

service  routine  (the  Read  module  in  this  case).  This  problem 

was  due  to  not  using  the  RETR  (return  and  restore)  on  return 

from  an  interrupt  service  routine  as  required.  If  the  RET 

(return)  instruction  is  used,  as  was  incorrectly  done  in  the 

Read  module,  further  interrupts  will  not  be  recognized  even 

if  the  EN  I (enable  interrupts)  instruction  is  executed.  \ 

Replacing  the  incorrect  instructions  solved  the  problem  and  no  i 

further  problems  were  encountered  in  the  module  testing.  The  j 

entire  program  was  placed  in  the  RAM  and  all  the  module  interfaces 

I 

were  tested  and  found  to  operate  correctly.  The  program  was  I 

inserted  into  the  EPROM  using  the  procedure  explained  in 
Appendix  C. 
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Accounts  Program  Testing 

The  Accounts  Program  testing  reduced  to  eliminating 
compilation  errors  (syntax  errors)  and  refining  the  formats 
of  the  interactive  messages  and  the  print  tape.  Testing  the 
overall  operation  of  the  program  was  accomplished  by 
producing  a sample  file  and  trying  all  the  possible  operations 
on  it.  The  path  testing  technique  was  used  to  be  sure  that 
every  path  performed  as  expected.  The  program  was  reexecuted 
using  the  output  tape  from  the  first  execution  to  confirm  that 
the  program  could  take  a previously  produced  tape  and  perform 
any  of  the  desired  operations  on  it. 

Summary 

The  testing  of  the  Xerox  Controller  System,  because  of 
the  careful  top  down  design  approach  utilized  throughout, 
reduced  to  simple  and  straightforward  module  testing.  In 
the  case  of  the  software,  the  modules  were  tested  using  the 
path  testing  technique  to  assure  that  every  module  did  exactly 
the  intended  function  and  nothing  else.  With  the  exception 
of  the  problem  noted  in  the  discussion  of  the  Machine  Enable 
circuit,  the  testing  was  completed  quickly  and  efficiently. 


VI  RESULTS  AND  CONCLUSIONS 

Introduction 

The  results  of  this  design  study  will  be  presented  as 
compliance  or  noncompliance  with  the  objectives  listed  in 
Chapter  I.  The  appropriate  conclusions  which  can  be  drawn 
from  these  results  will  be  discussed  and  recommendations  for 
any  continued  effort  will  be  presented. 

Result  s 

The  results  in  terms  of  the  objectives  listed  in 
Chapter  I are  as  follows: 

1.  The  8C48CC  SBC  and  the  necessary  peripheral  hardware 
was  selected  and  designed  to  handle  maintenance  of 
user  accounts  and  control  the  operation  of  the  Xerox 
machine.  Though  part  of  the  Xerox  Controller  circuitry 
is  not  operating,  this  is  not  considered  a design 
deficiency /but  rather  a probable  component  failure. 

2.  A secure  procedure  has  been  implemented  for  uniquely 
identifying  a valid  Xerox  account  user.  The  security 
of  this  system  is  presented  in  Appendix  Z which  is 
sensitive  because  of  its  nature  and  can  only  be 
obtained  from  the  author.  It  can  be  stated  here 
without  comprimising  the  security  of  the  system  that 
the  probability  of  entering  a random  number  and  gaining 
access  to  an  account  is  only  .00006. 
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3.  The  Xerox  Controller  software  was  designed  and 
implemented  to  perform  the  functions  stated  in  the 
objectives.  The  operators  manual  for  the  Xerox 
Controller  is  contained  in  Appendix  D. 

4.  The  Accounts  Program  was  designed  and  implemented 
to  maintain  a record  of  all  valid  users  and  the 
identification  information  necessary  to  allow  the 
treasurer  to  identify  and  bill  users  for  usage. 

The  user  manual  for  the  Accounts  Program  is  contained 
in  Appendix  E. 

5.  The  test  and  validation  has  only  been  partially  met 
'-since  there  is  still  a problem  with  the  Machine  Enable 

circuit . 

Conclusions 

The  Xerox  Controller  has  been  designed  using  a top  down 
approach.-  The  implementation  is  complete  except  for  what  is 
considered  a solvable  problem  with  the  Machine  Enable  circuit. 
This  problem  is  detailed  in  the  System  Testing  chapter. 

Recommendations 

A number  of  follow  on  studies  are  possible  to  enhance 
the  accounting  which  must  be  accomplished.  If  a method  of 
transmitting  data  from  the  Xerox  Controller  directly  to  the 
CYBER  system  can  be  devised,  the  entire  accounting  procedure 
could  be  automated  by  including  it  in  the  Accounts  Program. 
Another  approach  would  be  to  produce  a paper  or  magnetic  tape 
output  which  could  then  be  transmitted  to  the  CYBER  system. 
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XEROX  CONTROLLER 

SOURCE. 

LISTING 

LABEL 

LOC 

OP 

ASSEMBLY 

RESET 

000 

00 

NOP 

001 

0418 

JMP  RST 

INT 

003 

00 

NOP 

004 

4691 

JNTl  USR 

006 

C639 

JZ  FIRST 

008 

1241 

JBO  SECOND 

OOA 

3247 

JBl  THIRD 

OOC 

524E 

JB2  4TH 

OOE 

7255 

JB3  5TH 

» • 

010 

925C 

JB4  6TH 

012 

B263 

JB5  7TH 

014 

D26A 

JB6  8TH 

016 

F271 

JB7  TEST 

RST 

018 

15 

DIS  I 

019 

230F 

MOV  Af*OF 

OIB 

3D 

MOVD  P5»A 

OIC 

230F 

MOV  A»*OF 

OlE 

3A 

OUTL  P2»A 

OIF 

B9FF 

MOV  RlftFF 

021 

2324 

MOV  Af*24 

023 

3499 

CALL  COMMAND 

025 

23D1 

MOV  Af*Dl 

027 

3499 

CALL  COMMAND 

029 

2390 

MOV  A»*yo 

02B 

3499 

CALL  COMMAND 

02D 

2340 

MOV  A»*40 

02F 

3499 

CALL  COMMAND 

031 

B8FE 

MOV  RO»*FE 

033 

27 

CLR  A 

034 

62 

MOV  TrA 

035 

55 

STRT  T 

STBY 

036 

05 

EN  I 

037 

0436 

JMP  STBY 

FIRST 

039 

148B 

CALL  ECHO 

03B 

5307 

ANL  Af*07 

03D 

AF 

MOV  R7fA 

03E 

2301 

MOV  A»*SECOND 

040 

93 

RETR 

SECOND 

041 

148B 

CALL  ECHO 

043 

AA 

MOV  R2»A 

044 

2302 

MOV  A»*THIRD 

046 

93 

RETR 

THIRD 

047 

148B 

CALL  ECHO 

049 

47 

SWAP  A 

04A 

AB 

MOV  R3»A 

04B 

2304 

MOV  A»*4TH 

04D 

93 

RETR 

4TH 

04E 

148B 

CALL  ECHO 

050 

AB 

ORL  A»R3 

051 

AB 

MOV  R3fA 

052 

2308 

MOV  A»#5TH 

054 

93 

RETR 

70 
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LMEL 

LOG 

Si£ 

5TH 

055 

148B 

CALL  ECHO 

057 

47 

SWAP  A 

058 

AC 

MOV  R4»A 

059 

2310 

MOO  A»*6TH 

05B 

93 

RETR 

6TH 

05C 

148B 

CALL  ECHO 

05E 

4C 

ORL  A»R4 

05F 

AC 

MOV  R4rA 

060 

2320 

MOV  A»*7TH 

062 

93 

RETR 

7TH 

063 

148B 

CALL  ECHO 

065 

47 

SWAP  A 

066 

AD 

MOV  R5»A 

067 

2340 

MOV  A»*8TH 

069 

93 

RETR 

8TH 

06A 

148B 

CALL  ECHO 

06C 

4D 

ORL  AfR5 

06D 

AD 

MOV  R5fA 

06E 

2380 

MOV  A, ♦TEST 

070 

93 

RETR 

TEST 

071 

EF75 

DJNZ  R7»T2 

073 

240A 

JMP  INC 

T2 

075 

EF79 

DJNZ  R7»T3 

077 

242B 

JMP  DEC 

T3 

079 

EF7D 

DJNZ  R7fT4 

07B 

2448 

JMP  SET 

T4 

07D 

EF81 

DJNZ  R7»T5 

07F 

44F5 

JMP  PRINT 

T5 

081 

EF85 

DJNZ  R7fT6 

083 

244C 

JMP  CLEAR 

T6 

085 

EF89 

DJNZ  R7»T7 

087 

247E 

JMP  CODE 

T7 

089 

248C 

JMP  COST 

ECHO 

08B 

80 

MOVX  A»0RO 

08C 

530F 

ANL  A»#OF 

08E 

14E7 

CALL  OUT 

090 

83 

RET 

USR 

091 

C69F 

JZ  USRl 

093 

12A8 

JBO  USR2 

095 

32AF 

JBl  USR3 

097 

52B6 

JB2  USR 4 

099 

72BD 

JB3  USR5 

09B 

92C4 

JB4  USR6 

09D 

44D0 

JMP  COUNT 

USRl 

09F 

BFFF 

MOV  R7f#FF 

OAl 

14CA 

CALL  READ 

0A3 

47 

SUAP  A 

0A4 

AA 

MOV  R2»A 

OAS 

2301 

MOV  Af*USR2 

0A7 

93 

RETR 

71 


LABEL 

LOG 

QE 

aSSEJlgLY 

USR2 

0A8 

14CA 

CALL  READ 

OAA 

4A 

ORL  AfR2 

OAB 

AA 

MOV  R2»A 

OAC 

2302 

MOV  Ar*USR3 

OAE 

93 

RETR 

USR3 

OAF 

14CA 

CALL  READ 

OBI 

47 

SUAP  A 

0B2 

AB 

MOV  R3fA 

0B3 

2304 

MOV  A»*USR4 

0B5 

93 

RETR 

USR4 

0B6 

14CA 

CALL  READ 

0B8 

4B 

ORL  ArR3 

0B9 

AB 

MOV  R3fA 

OBA 

2308 

MOV  A»*USR5 

OBC 

93 

RETR 

USR5 

OBD 

14CA 

CALL  READ 

OBF 

47 

SUAP  A 

OCO 

AC 

MOV  R4»A 

OCl 

2310 

MOV  Af«USR6 

0C3 

93 

RETR 

USR6 

0C4 

14CA 

CALL  READ 

0C6 

4C 

ORL  AfR4 

0C7 

AC 

MOV  R4»A 

0C8 

24C7 

JMP  DECODE 

READ 

OCA 

80 

MOVX  A»eRO 

OCB 

530F 

ANL  A»40F 

OCO 

2F 

XCH  A»R7 

OCE 

90 

MOVXSROtA 

OCF 

2F 

XCH  AfR7 

000 

83 

RET 

DISCO 

001 

3F 

0 

002 

06 

1 

003 

5B 

2 

004 

4F 

3 

005 

66 

4 

006 

60 

5 

007 

70 

6 

008 

07 

7 

009 

7F 

8 

OOA 

67 

9 

ODB 

77 

A 

OOC 

7C 

B 

ODD 

39 

C 

ODE 

5E 

0 

OOF 

79 

E 

OEO 

71 

F 

GETCD 

OEl 

05 

SEL  RBI 

0E2 

0301 

ADD  AftOlSCD 

0E4 

A3 

MOVP  AfOA 

OES 

C5 

SEL  RBO 

0E6 

83 

RET 

72 

1 


I 


r 

t 

h 

f 


i 


LftBEL 

OUT 


FETCH 


INC 


LOC 

OP 

ASSEMBLY 

0E7 

AE 

MOO  R6fA 

0E8 

14E1 

CALL  GETCD 

OEA 

90 

MOUXeROf A 

OEB 

FE 

MOO  A»R6 

OEC 

83 

RET 

OED 

97 

CLR  C 

OEE 

FB 

MOO  AfR3 

OEF 

F7 

RLC  A 

OFO 

A8 

MOV  RO»A 

OFl 

FA 

MOV  A»R2 

0F2 

F7 

RLC  A 

0F3 

AA 

MOV  R2»A 

0F4 

F8 

MOV  AfRO 

0F5 

0303 

ADD  A»*03 

0F7 

A8 

MOV  RO»A 

0F8 

FA 

MOV  A»R2 

0F9 

130C 

ADDC  A»*OC 

OFB 

AA 

MOV  R2»A 

OFC 

3A 

OUTL  P2»A 

OFD 

80 

MOVX  AfORO 

OFE 

AE 

MOV  R6fA 

OFF 

F8 

MOV  ArRO 

100 

0301 

ADD  ArtOl 

102 

A8 

MOV  ROfA 

103 

FA 

MOV  A»R2 

104 

1300 

ADDC  Af*00 

106 

3A 

OUTL  P2fA 

107 

AA 

MOV  R2fA 

108 

80 

MOVX  A»eRO 

109 

83 

RET 

lOA 

14ED 

CALL  FETCH 

IOC 

6D 

ADD  AfR5 

lOD 

57 

DAA 

lOE 

AD 

MOV  R5»A 

lOF 

FE 

MOV  AfR6 

110 

7C 

ADDC  A»R4 

111 

57 

DAA 

112 

AC 

MOV  R4»A 

113 

E617 

JNC  STORE 

115 

0400 

JMP  RESET 

“»**r 


LABEL 

LOC 

OP 

ASSEMBLY 

STORE 

117 

FD 

MOV  A»R5 

118 

90 

MOVXOROf A 

119 

F8 

MOV  AfRO 

llA 

37 

CPL  A 

IIB 

0301 

ADD  AffOl 

IID 

37 

CPL  A 

HE 

A8 

MOV  ROfA 

IIF 

FA 

MOV  AfR2 

120 

37 

CPL  A 

121 

1300 

ADDC  Af*00 

123 

37 

CPL  A 

124 

3A 

OUTL  P2»A 

125 

FC 

MOV  A»R4 

126 

90 

MOVXQROfA 

127 

349E 

CALL  DIS 

BACK 

129 

2429 

JMP  BACK 

DEC 

12B 

14ED 

CALLFETCH 

12D 

BB66 

MOV  R3>*66 

12F 

6B 

ADD  AfR3 

130 

37 

CPL  A 

131 

AF 

MOV  R7»A 

132 

FE 

MOV  AfR6 

133 

6B 

ADD  A»R3 

134 

37 

CPL  A 

135 

AE 

MOV  R6>A 

136 

FF 

MOV  ArR7 

137 

6D 

ADD  AfR5 

138 

57 

DAA 

139 

AD 

MOV  R5»A 

13A 

FE 

MOV  AfR6 

13B 

7C 

ADDC  AfR4 

13C 

57 

DAA 

13D 

F65A 

JC  ERR 

13F 

6B 

ADD  AfR3 

140 

37 

CPL  A 

141 

AC 

MOV  R4»A 

142 

FD 

MOV  A»R5 

143 

6B 

ADD  AfR3 

144 

37 

CPL  A 

145 

AD 

MOV  R5»A 

146 

2417 

JMP  STORE 

SET 

148 

14ED 

CALL  FETCH 

14A 

2417 

JMP  STORE 

74 


LABEL 

LOC 

OP 

ASSEMBLY 

CLEAR 

14C 

BE50 

MOO  R6ft50 

14E 

FB 

MOO  A»R3 

14F 

DE 

XRL  A»R6 

150 

96SA 

JNZ  ERR 

152 

FC 

MOO  AfR4 

153 

DE 

XRL  AfR6 

154 

965A 

JNZ  ERR 

156 

FD 

MOO  A»R5 

157 

DE 

XRL  AfR6 

158 

C65C 

JZ  OK 

ERR 

ISA 

0400 

JMP  RESET 

OK 

15C 

B805 

MOO  ROftOS 

15E 

27 

CLR  A 

15F 

BEOC 

MOO  R6f*0C 

161 

2E 

XCH  AfR6 

FLIP 

162 

3A 

OUTL  P2»A 

163 

2E 

XCH  A»R6 

LOOP 

164 

90 

MOOXeROf A 

165 

18 

INC  RO 

166 

28 

XCH  AfRO 

167 

C66C 

JZ  PAGE 

169 

28 

XCH  ArRO 

16A 

2464 

JMP  LOOP 

PAGE 

16C 

IE 

INC  R6 

16D 

2E 

XCH  AfR6 

16E 

D310 

XRL  A»*10 

170 

C676 

JZ  END 

172 

D310 

XRL  AftlO 

174 

2462 

JMP  FLIP 

END 

176 

BCOO 

MOO  R4f*00 

178 

BDOO 

MOO  R5»*00 

17A 

349E 

CALL  DIS 

HLT3 

17C 

247C 

JMP  HLT3 

CODE 

17E 

B800 

MOO  RO»*NBITS 

180 

230C 

MOO  Ar*OC 

182 

3A 

OUTL  P2»A 

183 

FC 

MOO  AfR4 

184 

90 

MOOXeROf A 

185 

18 

INC  RO 

186 

FD 

MOO  A»RS 

187 

90 

MOOXeROrA 

188 

349E 

CALL  DIS 

HLTl 

18A 

248A 

JMP  HLTl 

COST 

18C 

B802 

MOO  RO»*COSTAD 

18E 

230C 

MOO  Af*OC 

190 

3A 

OUTL  P2»A 

191 

BCOO 

MOO  R4»*00 

193 

FD 

MOO  AfRS 

194 

90 

MOOXeROf A 

195 

349E 

CALL  DIS 

HLT2 

197 

2497 

JMP  HLT2 

LABEL 

COMMAND 

LI 


OIS 


ENABLE 


ENl 


LOC 

OP 

ASSEMBLY 

199 

91 

MOVXORlfA 

19A 

81 

MOOX  AfORl 

19B 

F29A 

JB7  LI 

19D 

83 

RET 

19E 

230F 

MOV  Af*OF 

lAO 

3A 

OUTL  P2»A 

lAl 

B9FF 

MOV  R1»*FF 

1A3 

23D1 

MOV  A»*D1 

IAS 

3499 

CALL  COMMAND 

1A7 

2390 

MOV  A»*90 

1A9 

3499 

CALL  COMMAND 

lAB 

C9 

DEC  R1 

lAC 

FC 

MOV  A»R4 

lAD 

47 

SWAP  A 

lAE 

530F 

ANL  A»*OF 

IBO 

14E1 

CALL  GETCD 

1B2 

91 

MOVXeRlf A 

1B3 

FC 

MOV  A»R4 

1B4 

S30F 

ANL  A»*OF 

1B6 

14E1 

CALL  GETCD 

IBS 

91 

MOVXeRl»A 

1B9 

FD 

MOV  A»R5 

IBA 

47 

SWAP  A 

IBB 

S30F 

ANL  A»*OF 

IBD 

14E1 

CALL  GETCD 

IBF 

91 

MOVXeRlrA 

ICO 

FD 

MOV  A»R5 

ICl 

S30F 

ANL  Af*OF 

1C3 

14E1 

CALL  GETCD 

ICS 

91 

MOVXeRlf A 

1C6 

83 

RET 

29B 

FF 

MOV  A»R7 

29C 

030C 

ADD  A»*OC 

29E 

3A 

OUTL  P2»A 

29F 

AA 

MOV  R2fA 

2A0 

D30C 

XRL  Af*OC 

2A2 

96AB 

JNZ  ENl 

2A4 

F8 

MOV  AfRO 

2AS 

97 

CLR  C 

2A6 

67 

RRC 

2A7 

97 

CLR  C 

2A8 

67 

RRC 

2A9 

C6CE 

JZ  ERRO 

2AB 

80 

MOVX  Af^RO 

2AC 

AC 

MOV  R4fA 

2AD 

D399 

XRL  Af*MAX$ 

2AF 

C6CE 

JZ  ERRO 

2B1 

18 

INC  RO 

2B2 

F8 

MOV  AfRO 

2B3 

96B8 

JNZ  OKI 

2BS 

lA 

V:nc  R2 

2B6 

FA 

MOV  AfR2 

2B7 

3A 

OUTL  P2»A 

76 


LABEL 

LOC 

OP 

ASSEMBLY 

OKI 

2B8 

80 

MOVX  AfSRO 

2B9 

AD 

MOO  R5fA 

2BA 

349E 

CALL  OIS 

2BC 

F8 

MOO  A»RO 

2BD 

96C0 

JNZ  0K2 

2BF 

CA 

DEC  R2 

0K2 

2C0 

C8 

DEC  RO 

2C1 

230C 

MOV  Af*OC 

2C3 

3A 

OUTL  P2fA 

2C4 

B902 

MOV  RlftCOSTAD 

2C6 

81 

MOVX  A>eRl 

2C7 

AE 

MOV  R6fA 

2C8 

2309 

MOV  A»*09 

2CA 

30 

MOVD  P5»A 

SELF 

2CB 

2320 

MOV  Af*C0UNT<20H) 

2CD 

93 

RETR 

ERRO 

2CE 

0400 

JMP  RESET 

COUNT 

2D0 

FD 

MOV  AfR5 

2D1 

6E 

ADD  ArR6 

2D2 

57 

OAA 

2D3 

AD 

MOV  R5fA 

2D4 

FC 

MOV  AfR4 

2D5 

1300 

ADDC  Af*00 

2D7 

57 

OAA 

208 

AC 

MOV  R4fA 

209 

FA 

MOV  A»R2 

20A 

3A 

OUTL  P2»A 

20B 

FC 

MOV  A»R4 

20C 

90 

MOVXeROf A 

200 

18 

INC  RO 

20E 

F8 

MOV  AfRO 

20F 

96E4 

JNZ  0K3 

2E1 

lA 

INC  R2 

2E2 

FA 

MOV  AfR2 

2E3 

3A 

OUTL  P2fA 

0K3 

2E4 

FD 

MOV  AfR5 

2E5 

90 

MOVXeROfA 

2E6 

F8 

MOV  A»RO 

2E7 

96EA 

JNZ  0K4 

2E9 

CA 

DEC  R2 

0K4 

2EA 

C8 

DEC  RO 

2EB 

FC 

MOV  A»R4 

2EC 

0399 

XRL  Af*MAX« 

2EE 

C6CE 

JZ  ERRO 

2F0 

349E 

CALL  DIS 

2F2 

2320 

MOV  A»*C0UNT(20) 

2F4 

93 

RETR 

77 


LABEL 

LOC 

OP 

ASSEMBLY 

PRINT 

2F5 

741B 

CALL  HEADING 

2F7 

B900 

MOV  Rif #00 

2F9 

BBOl 

MOV  R3f*01 

FET 

2FB 

F9 

MOV  AfRl 

2FC 

AA 

MOV  R2fA 

2FD 

14ED 

CALL  FETCH 

2FF 

AF 

MOV  R7fA 

300 

4E 

ORL  AfR6 

301 

C605 

JZ  SKIP 

NONZERO 

303 

7434 

CALL  PRINAC 

SKIP 

305 

IB 

INC  R3 

306 

FB 

MOV  AfR3 

307 

C611 

JZ  FLIPPAGE 

309 

D3F4 

XRL  Af*F4 

30B 

C614 

JZ  CHECKEND 

30D 

D3F4 

XRL  Af*F4 

30F 

44FB 

JMP  FET 

FLIPPAGE 

311 

19 

INC  R1 

312 

44FB 

JMP  FET 

CHECKEND 

314 

F9 

MOV  AfRl 

315 

C612 

JZ  FET 

317 

7420 

CALL  TRAILER 

319 

0400 

JMP  RESET 

HEADING 

31B 

2392 

MOV  AftHEADING  ADDRESS 

31D 

7425 

CALL  PRINTER 

31F 

83 

RET 

TRAILER 

320 

23CB 

NOV  Af#TRAILER  ADDRESS 

322 

7425 

CALL  PRINTER 

324 

83 

RET 

PRINTER 

325 

A8 

MOV  ROfA 

PLOOP 

326 

A3 

MOVP  AfGA 

327 

D307 

XRL  Af#07  (BEL) 

329 

C633 

JZ  END 

32B 

D307 

XRL  Af*07  (BEL) 

32D 

7465 

CALL  SEROUT 

32F 

18 

INC  RO 

330 

F8 

MOV  AfRO 

331 

6426 

JMP  PLOOP 

END 

333 

83 

RET 

LABEL 

LOC 

OP 

ASSEMBLY 

PRINAC 

334 

F9 

MOO  A»R1 

335 

7459 

CALL  ASCII 

337 

FB 

MOV  AfR3 

338 

47 

SUAP  A 

339 

7459 

CALL  ASCII 

33B 

FB 

MOV  A»R3 

33C 

7459 

CALL  ASCII 

33E 

23BE 

MOV  AftSPACER  ADDRESS 

340 

7425 

CALL  PRINTER 

342 

FE 

MOV  A»R6 

343 

47 

SUAP  A 

344 

7459 

CALL  ASCII 

346 

FE 

MOV  AfR6 

347 

7459 

CALL  ASCII 

349 

232E 

MOV  Ar*2E  (.) 

34B 

7465 

CALL  SEROUT 

34D 

FF 

MOV  AfR7 

34E 

47 

SUAP  A 

34F 

7459 

CALL  ASCII 

351 

FF 

MOV  AfR7 

352 

7459 

CALL  ASCII 

354 

23C6 

MOV  A»#ENDLINE 

356 

7425 

CALL  PRINTER 

358 

83 

RET 

ASCII 

359 

530F 

ANL  AftOF 

35B 

0330 

ADD  Af«30 

35D 

57 

DAA 

35E 

00 

NOP 

35F 

9262 

JB4  READY 

361 

17 

INC  A 

READY 

362 

7465 

CALL  SEROUT 

364 

83 

RET 

SEROUT 

365 

D5 

SEL  RBI 

366 

AB 

MOV  R3rA 

367 

B90B 

MOV  Rlr#OB 

369 

97 

CLR  C 

SERI 

36A 

166E 

JTF  SER2 

36C 

646A 

JMP  SERI 

SER2 

36E 

E675 

JNC  ONE 

370 

230B 

MOV  Af*OB 

372 

9F 

ANLD  P7fA 

373 

647A 

JMP  SER3 

ONE 

375 

2304 

MOV  A»*04 

377 

8F 

ORLD  P7»A 

378 

647A 

JMP  SER3 

SER3 

37A 

97 

CLR  C 

37B 

A7 

CPL  C 

37C 

FB 

MOV  A»R3 

37D 

67 

RRC 

37E 

AB 

MOV  R3fA 

37F 

23E7 

MOV  Af#DELAY  <E7) 

381 

7487 

CALL  TIME 

383 

E96A 

DJNZ  Rif SERI 

385 

C5 

SEL  RBO 

386 

83 

RET 

79 


LABEL 

LOG 

OP 

ASSEMBLY 

TIHE 

387 

62 

MOV  T»A 

% 

388 

00 

NOP 

389 

00 

NOP 

* • 

38A 

00 

NOP 

38B 

00 

NOP 

38C 

00 

NOP 

# ■ 

38D 

00 

NOP 

38E 

00 

NOP 

38F 

00 

NOP 

390 

55 

STRT  T 

391 

83 

RET 
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C EPROM  PROGRAMMING 


I I 

: I 

I 

[ 


The  Imsai  8048CC  single  board  computer  is  based  on  the 
8035  microprocessor  and  the  2716  2kbyte  EPROM  for  program 
memory,  both  from  Intel.  The  2716  (Ref  4)  operates  on  a 
single  5 volt  power  supply  and  is  programmable  with  TTL  level 
signals  after  adding  the  25  volt  programming  power  supply. 
After  erasure  the  2716  contains  all  I's  and  the  desired  loca- 
tions must  be  programmed  to  O's.  The  programming  is  accom- 
plished by  putting  the  desired  address  on  the  address  lines, 

1 on  the  CS  line,  and  a 50  millisecond  active  high  pulse  on 
the  PD/PGM  line.  If  the  8035  microprocessor,  the  8279 
Keyboard  Interface,  and  the  two  SN  74LS174's  are  removed  the 
only  connections  to  the  address  and  data  busses  are  the 
2102AL  RAM  chips  and  the  2716  EPROM  chip.  External  access  to 
these  lines  is  gained  by  using  16  pin  connectors  and  flat 
cables  plugged  into  the  sockets  vacated  by  the  SN  74LS174's. 

A 10  bit  counter  is  used  to  sequence  the  address  lines 
ttiAO-LAlO)  while  the  RAM  is  enabled  in  the  relad  modei  and  the 
CS  line  on  the  2716  is  held  high.  The  50  millisecond  pulse 
required  on  the  PD/PGM  line  of  the  2716  is  produced  by  placing 
the  pulse  on  the  LAll  address  line.  Placing  I’s  on  the  WR, 

RD,  and  DSEN  lines  and  a 0 on  the  RAMEN  causes  the  data  in 
the  RAM  at  the  address  specified  to  be  placed  on  the  data 
lines  and  then  into  the  2716  when  the  pulse  is  placed  on  the 
LAll  line.  The  easiest  way  to  put  the  25  volts  on  the  Vpp  pin 
is  to  carefully  bend  it  out  and  use  an  alligator  clip  to  make 
the  connection.  The  other  connections  discussed  are  made  with 


89 


the  use  of  IC  clips  and  jumper  cables.  In  this  transfer  tech- 
nique the  LAIO  jumper  on  the  2716  must  be  manipulated  to 
place  the  program  to  be  transferred  into  the  upper  or  lower 
segment  of  the  program  memory.  In  a similar  manner  the  contents 
of  the  2716  can  be  transferred  directly  into  the  RAM.  By 
placing  0 on  the  LAll  line,  the  DSEN  line,  and  pin  5 of  U8 
and  the  complement  of  the  programming  pulse  used  in  the 
previous  procedure  on  the  WR  line,  the  transfer  is  made  from 
the  2716  to  the  RAM.  For  the  purpose  of  the  Xerox  Controller 
program,  the  monitor  which  was  supplied  in  the  upper  segment 
of  the  EPROM,  was  transferred  into  the  RAM,  the  EPROM  was  erased, 
and  the  monitor  replaced  in  the  lower  segment.  The  tested 
program  (Xerox  Controller  program)  was  then  placed  in  the  RAM 
and  transferred  into  the  upper  segment  of  the  EPROM.  The 
execution  of  the  Xerox  Controller  program  requires  following 
the  jumper  notes  for  the  high  version  of  the  Imp  48 
contained  in  the  8048CC  Control  Computer  User  Manual  (Ref  3). 

This  rather  straightforward  procedure  makes  programming  or 
modifying  an  existing  program  a simple  operation. 


D XEROX  CONTROLLER 


OPERATING  INSTRUCTIONS 


The  Xerox  Controller  has  two  operating  modes:  user  and 
control.  The  user  mode  is  the  normal  operating  mode,  while 
the  control  is  key  selected.  The  two  modes  are  described 
in  the  sections  which  follow. 

User  Mode 

In  order  to  access  an  account  and  enable  the  Xerox 
machine  to  make  copies  the  user  simply  presses  the  reset 
(yellow)  button  and  then  enters  his  encrypted  6 hexadecimal 
digit  user  number.  As  each  digit  is  entered  8.  will  appear 
on  the  display  to  indicate  that  the  digit  has  been  received. 
If  at  any  time  while  entering  the  number  the  user  feels  that 
he  has  made  an  error  or  if  the  machine  is  not  enabled  after 
the  entry  of  the  sixth  digit,  the  reset  should  be  pressed 
and  the  procedure  repeated.  When  a valid  user  number  has 
been  entered  the  present  total  will  be  displayed  indicating 
that  the  machine  is  enabled  and  copies  can  be  made.  Each 
time  a copy  is  made  the  account  will  be  incremented  by  the 
copy  cost,  up  to  a total  of  99  dollars  and  displayed  on  the 
display. 

Control  Mode 

In  order  to  enter  this  mode  of  operation  the  key  holder 

Inserts  the  key  and  turns  it  to  the  control  position.  The 

Controller  will  now  respond  to  any  of  the  7 control  mode 

commands  described  below.  As  these  commands  are  entered 
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i 


they  are  echoed  on  the  display  so  they  may  be  confirmed  | 

before  the  command  to  execute.  The  command  to  execute  is  i 

given  simply  by  pressing  any  one  of  the  hexadecimal  digits 

after  the  8 digit  command  has  been  confirmed  on  the  display.  j 

If  the  command  on  the  display  is  incorrect,  press  the  reset 

and  reenter  it. 

Control  Mode  Commands  ■ 

Increment  lAAAMMMM 

AAA  3 digit  hexadecimal  account  number 

MMMM  4 digit  decimal  amount 

This  command  increments  the  account  (AAA)  by  the  amount  i 

($MM.MM).  Completion  of  the  command  is  indicated  by  the 
appearance  of  the  account  total  on  the  display.  If  the  : 

increment  would  cause  an  overflow  the  display  will  go  blank  i 

1 

indicating  the  command  has  been  rejected.  J 

Decrement  2AAAMMMM 

AAA  3 digit’  hexadecimal  account  number 

MMMM  4 digit  decimal  amount 

This  command  decrements  the  account  specified  (AAA) 
by  the  amount  ($MM.MM).  Completion  of  the  command  is  indicated 
by  the  appearance  of  the  account  total  on  the  display.  If 


the  decrement  would  cause  an  underflow  (less  than  zero)  the 
display  will  go  blank  indicating  that  the  command  has  been 
rejected. 


This  command  sets  the  account  specified  (AAA)  to  the 
amount  Completion  of  the  command  is  indicated  by 

the  appearance  of  the  total  on  the  display. 

Print  4DDDDDDP 

DDDDDDD  any  7 digits 

This  command  causes  the  printout  of  the  hexadecimal 
account  number  and  account  total  of  any  nonzero  accounts. 
This  printout  can  be  produced  on  the  RS  232C  compatible 
TI  Silent  700  (model  735)  used  with  the  external  interface 
selected  and  the  300  baud  speed  specified.  The  connection 
is  via  the  cable  emanating  from  the  back  of  the  Xerox 
Controller . 

Clear  5D505050 

D any  digit 

This  command  causes  all  accounts  in  the  controller  to 
be  set  to  0000.  In  order  to  prevent  an  accidental  clear 
command,  the  command  must  appear  exactly  as  shown  above. 
Completion  is  indicated  by  the  appearance  of  zeros  on  the 
display. 

Code  6DDDCCCC 

DDD  any  3 digits 

CCCC  4 digit  code  provided  by  the 

Accounts  Program 

This  command  sets  the  encryption  code  in  the  controller 
which  is  used  to  decipher  the  user  number  to  detect  a valid 
account  number.  Completion  of  the  command  is  indicated  by 
the  appearance  of  the  code  on  the  display. 
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Cost 


7DDDDDCC 


y 


DDDDD  any  5 digits 

CC  new  copy  cost  in  cents 

This  command  sets  the  charge  levied  against  an  account 
when  a copy  is  made.  Completion  of  the  command  is  indicated 
by  the  appearance  of  the  cost  on  the  display. 


Maintenance  Requirements 


The  Xerox  Controller  should  be  continously  plugged  in 


to  110  volts.  The  controller  has  a battery  backup  for  the 
memory  contents  which  will  protect  the  memory  contents  for 


over  8 days.  This  battery  is  a Power  Conversion  Eternacell 
(model  550-6A).  It  is  recommended  that  this  battery  be 


replaced  once  a year  or  if  there  is  a long  term  power  failure 
(over  24  hours).  Trouble  shooting  malfunctions  can  be  done 


using  the  design  paper  written  by  Capt  Brian  Corr  as  a thesis 


at  AFIT. 


E ACCOUNTS  PROGRAM  OPERATING  PROCEDURES 


This  program  produces  and  modifies  a file  containing  the 
account  number,  user  identification,  class  number,  and  user 
number  (encrypted  account  number).  Three  files  are  involved 
in  the  operation  of  this  program:  tapel  (previously  produced 
file),  tape2  (new  file),  and  tape3  (contains  any  printouts 
requested  in  the  program  run).  To  make  changes  or  produce 
printouts  of  an  existing  file  it  must  be  available  as  a local 
file  named  tapel.  Local  files  tape2  and  tape3  will  be 
produced  by  a program  execution  and  therfore  must  not 
preexist.  All  the  options  which  may  be  selected  and  the 
functions  of  the  options  are  presented  in  detail  below. 

System  Options:  Create-  Used  to  enter  encryption  coding 

information  and  user  identification 
information  for  the  production  of  a 
new  file. 

Update-  Used  to  request  printouts  or 
make  changes  to  a previously  existing 
file  (tapel  or  just  completed  create). 

Exit-  Exits  the  program  without 
accomplishing  anything. 

Create  Options:  The  only  option  in  the  Create  mode  is 

to  continue  entering  information  or  to 
terminate  entry. 

Update  Options:  Print-  Prints  the  encryption  code  and 

corresponding  decryption  code  to  be 
used  in  the  Xerox  Controller.  It  also 
prints  all  or  any  class'  accounts 
including  account  number,  identification 
class  designation,  and  encrypted  user 
number. 
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Code-  Displays  current  encryption 
information  and  upon  request  assists 
in  the  selection  of  a new  code  which  is 
then  used  to  produce  new  user  numbers 
for  all  the  accounts 


New-  The  New  option  is  used  to  enter 
new  users  into  the  file.  The  first 
op&n  space  in  the  file  is  used. 

Inspect-  Displays  and  allows  the  deletion 
or  change  of  user  identification 
information  and  class  designation. 

End-  Places  the  account  information 
and  encryption  code  information  onto 
the  file  tape2  and  then  rewinds  tapes 
1,  2,  and  3 in  preparation  for  the 
program  termination. 
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Brian  William  Corr  was  born  17  July  1947  in  New  York, 

New  York.  After  graduation  from  Paramus  High  School  in 
Paramus , New  Jersey  he  attended  Newark  College  of  Engineering 
(renamed  New  Jersey  Institute  of  Technology),  from  which  he 
received  a Bachelor  of  Electrical  Engineering  in  June  1969. 

He  was  employed  as  an  associate  design  engineer  by  Raytheon, 
Wayland  Masschusetts  until  entering  the  Air  Force  in  April 
1971.  He  was  commissioned,  after  completing  OTS , in  August 
1971  and  completed  pilot  training  and  received  his  wings  in 
December  1972  at  Columbus  AFB , Mississippi.  He  served  as 
a pilot  and  aircraft  commander  in  the  C-141  at  Mcguire  AFB, 
New  Jersey  until  entering  the  School  of  Engineering,  Air 
Force  Institute  of  Technology  in  August  1976. 
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